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Distinguishing Features 

1 10 MHz Pipelined Operation 
VGA Compatible 
Mixed Video and Gr^hics 
32-bit Graphics and 32*bit Video 
Pixel Pons 

VCrCb-to-RGB Convcnion 
YCrCb 4:2:2 and 2:1:1 
Interpolation 

Uses Brookirce's VidcoCache'^ 
Technology 

Honzontal Video Up*Sca]ing 
64 X 64 X 2 Cursor 
VRAM Shift Clock Suppon 
Enables DRAM-Based Motion 
Video Systems 
Programmable Video Extents 
Programmable Color Keying 
Onboard TTL Clock Do;:bler 
Three 256 x 8 Color Palette RAMs 
Simplifies Integration of Video into 
Microsoft Windows^ 
3 X 24 Cursor Color Palette 



• Standard MPU Interface 

• Power-Down Mode 

• Directly Implements 
Brooktree's VideoCache™ 
Connector 

• 160-Pin PQFP Package 

Applications 

• Video Decompression 
Acceleration 

• Multimedia Worksutions 

• High-Resolution Graphics 

• Desktop Video 

Related Products 

• Bt8l2 Video Decoder 

• Bt858 Video Encoder 

• Bt895 Video Controller 

• Bt8 1295 Personal Media 
Adapter 



Functional Block Diagram 
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110 MHz Monolithic CMOS 
Video CacheDAC™ 

Product Description 

The Bt88S is designed specifically for dual 
or unified frame buffer multimedia 
subsystems. A dedicated video pon accepts 
a CCIR60] YCrCb or RGB data stream and 
allows on-screen switching on a pixel-by- 
pixel basis. Mixing occtxrs within 
programmable video extents based on a 
flexible color key mechanism. Bt885 is 
intended to replace multiple RAMDAC^- 
based multimedia subsystems. The Bt885 
register set is VGA compatible. 

The Bt885 can accelerate video 
decompression and work with the Bt8l2 
decoder chip using programmable 
interpolation to pixel multiply by 1. 2, or 4 
for CCIR601 4:2:2, 2:1:1. and l.-0.5:0.5 
formats. This allows the video dau to mix 
with the graphics data at the same nte. 

Brooktree*s 80a-byie VideoCache^ 
FIFO enables asynchronous delivery of 
graphics and video, easing system 
bandwidth requirements for video transfer, 
and allowing efficient use of system 
memoiy. Non-integer scaling permits 
arbitrary video window sizing. 

The 64 X 64 X 2 bit cursor has its own 
palette and has priority over the video or 
graphics. The cursor operates in three 
modes: Microsoft Windows"^, three-color, 
and X Windows. 

The Bt885 supports independent 32-bit 
graphics and 32-bit video pixel poru and is 
compatible with both VRAM- and DRAM- 
based video subsystems. 

The Bt885 generates RS-343A- 
compatible video signals into a doubly 
terminated 75 O load. 
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Circuit Description 
MPU Interface 

As illustrated in the detailed block diagram (Figure I ), 
a standard MPU bus interface is supported, allowing 
the MPU direct access to the color palette RAM. MPU 
data is transferred into and out of the CacheOAC^ 
through the DG-D7 dau pins. The read/write timing is 
controlled by the RD* and WR« inputs. 

The RSD-RS3 select inputs specify which control 
register the MPU is accessing, as shown in Table 1. The 
8-bit address register is used to address the color palene 
RAM. eliminating the requirement for external address 
multiplexers. DO corresponds to ADDRO and is the 
LSB. 

Hardware Reset Condition 

On reset Bt885 is configured for standard VGA 
compatibility as follows: 

• 8 bits per pixel graphics. 1:1 MUX 
fS? * ^bii DAC resolution 

• Pixel mask register set to OxFF 

• All control registers set for VGA compatibility 
'J^ * Graphic pipelines are reset 

^ Writing Color Palette RAM Data 

'f^h To write color data, ^e MPU writes the address register 
^ (RAM write mode) with the address of the color palene 
fi^-^^ RAM location to be modified. The MPU performs three 
successive write cycles (8 bits each of red, green, and 
I^J blue), using RS0-RS3 to select the color palette RAM. 
1411 After the blue write cycle, the 3 bytes of color 
\ information are concatenated into a 24-bit word and 
wrinen to the location specified by the addreu register. 
The address register then increments to the next 
location, which the MPU may modify by writing 
another sequence of red. green, and blue data. A block 
of color values in consecutive locations may be written 
to by writing the stan address and performing 
continuous RGB write cycles until the entire block has 
been written* Refer to the liming Waveforms secdon 
for further information. 

Reading Color Palette RAM Data 

To read color palene RAM data, the MPU loads the 
address register (RAM read mode) with the address of 
the color palene RAM location to be read. The contents 
of the color palene RAM at the specified address art 



copied into the red. green, or blue (RGB) registers and 
the address register is mcremented to the next RAM 
location. The MPU performs three successive read 
cycles (8 bits each of red. green, and blue), using RSO- 
RS3 to select the color palene RAM. Following the 
blue read cycle* the contents of the color palene RAM 
at the address specified by the address register are 
copied into the RGB registers, and the address register 
increments again. A block of color values in 
consecutive locations nuy be read by writing the start 
address and performing cononuous RGB read cycles 
until the entire block has been read. 
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Pixel Mask Register 
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RW 


Address Register. Palette/ 
Cunor RAM Read 


0100 


R/W 


Address Register. Cursor/ 
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RW 
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RW 


Command Register 0 


0111 


R/W 


Address Register Cursor/ 
Overscan Color Read 


1000 


RW 


Command Register 1 


1001 


RW 


Command Register 2 


1010 


RW 


Extended Address Read/ 
Write Register 


1011 


RW 


Cursor RAM Array Dau 


1100 


RAV 


Cursor x-Low Register 


ItOl 


RW 


Cursor x*High Rosier 


1110 


RAV 


Cursor y*Low Register 


nil 


RW 


Cursor y-High Register 



Table 1. Control Input Truth Table 
(RS3mMSB,RS0KLSB). 
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Circuit Descnption (continued) 

Writing Cursor and Overscan 
Color Data 

To write cursor or overscan color dau, the MPU writes 
the address register (cursor color write mode) with the 
address of the cursor or overscan color location to be 
modified. The MPU performs three successive write 
cycles (8 bits each of red. green, and blue), using RSO- 
RS3 to select the cursor color registers. After the blue 
write cycle, the 3 bytes of red green, and blue color 
information art concatenated into a 24-bit word and 
wrinen to the cursor or overscan color location 
specified by the address register. The address register 
then increments to the next location, which the MPU 
may modify by writing another sequence of red. green, 
and blue data. A block of color values in consecutive 
locations may be wriaen to by writing the Stan address 
and performing continuous RGB write cycles until the 
entire block has been written. 

S Reading Cursor Color Data 

tyi^ 

To read cursor color data, the MPU bads the address 
' J: register (cursor color read mode) with the address of 

the cursor color location to be read. The contents of the 
g cursor color register at the specified address are copied 
^fi: into the RGB registers, and the address register is 
p incremented to the next cursor color location. The MPU 

performs three successive read cycles (8 bits each of 
1:^ red, green, and blue), using RS0-RS3 to sclea the 
fii cursor color registers. Following the blue read cycle, 
11 the contents of the cursor color location at the address 

specified by the address register are copied into the 
1^ RGB registers, and the address register again 

increments. A block of color values in consecutive 
p locations may be read by writing the Stan address and 
1^ performing continuous R. G, B read cycles until the 

entire block has been read. 

Extended Register Meehanlsm 

An extenc register set Is used to accommodate all 
features r : :ne Bt885. Since there are only four register 
select lines (and all 16 combinations have already been 
used), the extended registen must be accessed 

indirectly. 

For example. Command Register 3 is accessed with 
the followmg sequence of operations: 

I Set RS3-RS0 « 0000. Address Register. 

2. Write Address Register to 0x02. 

3. Set RS3-RS0 « 1010 (Extended Address Regis- 
ter), 

^. Read Write Command Register 3. 



Writing Color Key Color Data 

To write the color key color data value, the MPU 
selects the color key data RGB register using the 
extended register. It then performs a write cycle setting 
RS3-^0 to 1010 (Status Register). This process is 
repeated for each color component. The color key color 
register is only updated after the blue value is written. 

Reading Color Key Color Data 

To read the color key color dau value, the MPU selects 
the color key datt RGB register using the extended 
register mechanism, then perfonns a read cycle setting 
RS3-RS0 to 1010 (Status Register). 

Writing Color Key Mask Data 

To write the color key mask data value, the MPU 
selects the color key mask RGB register using the 
extended register mechanism. It then perfonns a write 
cycle setting RS3-RS0 to 1010 (Sutus Register). This 
process is repeated for each color component The color 
key mask register is only updated after the blue value is 
written. 



Reading Color Key Mask Data 

To read the color key color mask value, the MPU 
selects the color key data RGB register using the 
extended register mechanism outlined below, then 
performs a read cycle setting RS3-RS0 to 1010 (Sutus 
Register). 

Additional Information 

When the color palette RAM is accessed, the address 
register resets to 0x00 following a blue read or write 
cycle to RAM locauon OxFF. 

The MPU interface operates asynchronously to the 
pixel clock. Data transfen between the color palette 
RAM and the color registers (R, G. and B in the 
functional block diagram) are synchronized by internal 
logic, and occur in the period between MPU accesses. 
To red:*ce noticeable sparkling on the CRT screen 
during MPU access to the color palette RAMs. internal 
logic maintains the previous output color dau on the 
analog outputt while the transfer between RGB 
registers and lookup table RAMs occurs. 

To «.£ep track of the red, green, and blue read/write 
cycles, the address register has two additional bits 
(AODRa and ADDRb) that count modulo three. They 
are reset to aero when the MPU writes to the address 
register and are not reset to tero when the MPU reads 
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the address register The MPU does not have write 
access to these bits. The MPU may read the address 
register at any time without modifying its contents or 
the existing rcad/%mte nuxJc. These bits can be read 
from SRI. 



Accessing the Cursor RAM Array 

The 64 X 64 X 2 cursor RAM is accessed in a planar 
format. Bits CR3_I and CR3.0 in Command Register 
3 become the load inputs to the 2 MSBs of a. IQ-bit 
address counter, therefore, these bits must be written in 
Command Register 3 before the lower 8 bits are written 
to the address counter through the MPU port In the 
planar format, only nine address bits are used. The 
tenth bit determines which plane (0 or 1} data of the 
cursor RAM array is accessed. A single address 
presented to the cursor RAM accesses 8-bit locations in 
f2 Pl*nc 0 or 1 , depending on the state of address bit 9. 

After each access in the planar format the address 
W increments. The MPU uses ADDR, a lO-bii binary 
l|# address counter, to access the cursor RAM array. The 
W iddress counter is the same 8-bit binary counter used 
M tutoincrementing with CR3.1 and CR3_0 as 

.5- its extended MSBs. Any write to ihT address counter 
after cursor autoincrementing has been initiated resets 
the cursor autoincrementing logic until cursor RAM 
1.5- array has again been accessed. Cursor 
, H autoincrementing will then begin from the address 
Pi written. A read from the address counter does not reset 
cursor, autoincrementing logic. The color palene 
RAM and the cursor RAM share the same external 
mi address register, and MPU addressing for this and all 
r4=^ other registers is determined by the external register 
f^- select lines RS3-RS0 (see Table 2). 

'"J S-Blt/B^BIt Operation 

The command bit CRO.I specifies whether the MPU is 
readmg and wriung 8 bitt or 6 bits of color information 
each cycle. For an 8-bit operatioft DO is the LSB and 
D7 is the MSB of color data. For a 6.bit operation, 
color dau is contained on the lower 6 bits of the data 
bus, with DO as the LSB and D5 as the MSB of color 
data. When the MPU is writing color data, D6 and D7 
are ignored. During color read cycles, D6 and D7 are a 
logical zero. 

Accessing the cursor RAM array does not depend on 
the resolution of the DAQ. When Bt885 u in the 6-bit 
mode, the 6-bit DAC values are left justified within an 
I « set to icro. Therefore. 

Btg85 s full-scale output current will be about IJ* 
lower than while it is in the 8-bit mode 



Power-Down Mode 

The Bt885 incorporates a power-down capability, 
controlled by command bit CRO.O. While command bit 
CRO.O is a logical zero, the Bt885 functions normally. 

While command bit CRO.O is a logical one, the 
DACs, cursor circuitry, video FIFO, and power to the 
RAM are turned off. The RAM still retains the data. 
Also, the RAM may be read or written to by the MPU 
as long as the pixel clock is running. The RAM 
automatically powers up during MPU read/write cycles 
and shuts down when the MPU access is completed. 
The DACs output no current and the four conmund 
registers may still be written to or read by the MPU. 
The ou^ut DACs require about one second to turn off 
(sleep mode) or turn on (normal), depending on the 
compensation capacitor used (see Table II in the 
Timing Waveforms section for further information). 
The DACs will be turned off during sleep mode only if 
a voltage reference (internal or cxiemal) is used. 

When an external voluge reference is used, external 
circuitry should turn off the voltage reference 
(VRJEF«0 V) to further reduce power consumption 
caused by biasing of portions of the intenul voltage 
reference. 



Pixel Clock Selection 

OSC and OSC* provide the source for the Bt885 
internal pixel cloct Graphic pixel dau is latched by 
GLCLK. Bit CR2.4 selects whether the OSC or OSC* 
pin is used. A clock doubler can be enabled on the 
selected input by setting CR3.3 « I. The OSC* and 
OSC inputs can be used together as differential ECL 
inputs for the external clock by setting CR34 « 1. If a 
differential ECL input mode is used (CR34 « 1), then 
the state of CR2.4 is ignored. The state of CR3 3 must 
beO. 

It is also possible to internally route the DIVCLK2 
output to the latches connected to GLCLK by setting 
CR3.6 « 1. GLCLK will be ignored in this mode. 

DIVCXKI and DrVCLK;2 are output on the basts of 
the OSC and OSC" inputs as described unless they are 
disabled by setting CR3.2 « 0 (DIVCLKl disable) or 
C:R3.5 m 0 (DIVCLK2 disable). If the clock doubler is 
used (CR3.3 m i), then both the DIVCLKl and 
DIVCLK2 dividers must be set to a value of 2 or 
greater. DIVCLKl and DIVCliC2 are opposite phases. 
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Circuit Description (continued) 



CR3_1 
(bttA9 

of 
AODR) 


AODR 0-7 
(counts 
binary) 


AOORStb 
(counts 
modulo 3) 


RS3 


RS2 


RSI 


RSO 


AddfMSOd by MPU 


N/A 


OxOO-OxFF 


00 
01 
10 


0 
0 
0 


0 
0 
0 


0 
0 
0 


> 


Coior Paktte RAM (Red Component) 
Color Palette RAM (Green Component) 
Color Palette RAM CBlue Component) 


N/A 


0x00 


00 
01 
10 


0 
0 
0 


1 


0 
0 
0 




Overscan Color (Red Component) 
Overscan Color (Green Component) 
Overscan Color (Blue Component) 


N/A 


0x01 


00 
01 
10 


0 
0 
0 




0 
0 
0 




Cunor Color 1 Red Component 
Cursor Color 1 Green Component 
Cursor Color I BItie Component 


N/A 


0x02 


00 
01 
10 


0 
0 
0 




0 
0 
0 




Cursor Color 2 Red Component 
Cursor Color 2 Green Component 
Cursor Color 2 Blue Component 


N/A 


0x03 


00 
01 
10 


0 
0 
0 




0 
0 
0 




Cursor Color 3 Red Component 
Cursor Color 3 Green Component 
Cursor Color 3 Blue Component 


0 

1 


OxOOO-OxlFF 
Ox200-Ox3FF 


N/A 
N/A 


1 
I 


0 
0 


1 
1 




Cursor RAM Array. Plane 0 
Cursor RAM Amy, Plane 1 



''U TMbl0 Z Address R^glst^r Opem^n Md Autolncr0m9ntlng. 



'^^rame Buffer Pixel Port Interface 

' is. 

SfThcre arc 64 input pins P0-P7 (A-H) used to interface 
&^ graphics and video frame buffer memories. The 
?lll***ignn*eni of pins to input pixels is determined by the 
"I^ppcraiion mode and multiplex rate. 

Wdeo Port Clocking 

Vidcr *M is synchronously clwkcd into Bt885 with 
the \ «K input. VLCLK may be asynchronous from 
the p. .. and/or graphics toad clock, as an internal 
FIFO iS used to synchrooize video dau to graphics 
pixel dau. 

Three stanjs signals are avaiUble to control the 
loading of video pixel dsta into Bt885: VALID. 
READY and HFULL. VALID is provided by the 
system to Bt885 and is assened to indicate that valid 



video dau is being presented on the video pixel port. 
The READY signal is an ouq>ut from Bt885 that 
indicates that it is accepting pixel data. For dau to be 
accepted on any particular VLCLK rising edge, both 
the VALID and READY signals must be high through 
the ciocjc edge. The HFULL signal is used to keep 
check on how full the video cache is and helps to 
prevent overloading the internal video FIFO. 

The system must load video dau into Bt885 prior to 
the time that it is to be used. In systems where there is a 
one-to-one relationship between video pixels and 
graphics pixels in the frame buffer and this dau is 
delivered simultaneously, the FEFO operation can be 
ignored and VALID would be tied lo the pixel blanking 
signal from the graphics subsystem (BLANK*). In this 
mode, the FIFO would never be filled and, therefore. 
READY may be ignored. 
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Circuit Description (continued) 

The internal video data FIFO is reset to an empty 
sute on each detected vertical blank period. The system 
can immediately begin loading dtu into the video pen 
regardless of the video window s position oti the screen. 
With the VRESET* signal (see Pin Deschpcions 
section) the video dau will know the son of each 
graphics frame. See diagram betow: 

vucuK XLrui_rLn_rL 

READY 

VRESET __J : [ 



If at any time the video FIFO is empty when video 
dau is required, Sutus Register 2 bit SR27 will be set 
to one. The underflow bit will remain set imtU Status 
Register 2 is writteo. then SR27 will be cleared. 

For proper operation of the video pipeline reset 
r|5 VLCLK must be a free'running clock. 

|W VideoCaehe^ FIFO Operation 

^ The Bt885 provides a FIFO buffer for video pixels to 
€ asynchronous video and graphics operation, 

and to ease system design requirements. Use of the 
VidcoCache'^ FIFO features is entirely opdonaJ and 
i^i, not necessary for synchronous designs. 

I Loading VideoCacheTw RFC 

The VideoCachc^ FIFO accepts a group of dau (the 
Wt exact number is given by the current video mode) when 
1^ the following conditions are met on any single rising 
in edge of VLCLK: 

Ig I. The FIFO is ready to accept dau (Le., it is not 
1^ full). This is determined by the state of the 
READY signal. 

2. The system is presenting data, indicating this to 
the CacheDAC^ by asserting the VALID signal 
with the data. 

Unloadirtg VMooCaeho^ HFC 

Bt885 will unload the VideoCadien< FIFO dependant 
on the setting of bit CR4^1. If CR4.I ■ L the video 
will only be unloaded while fit885 is scanning through 
the video window. If CR4.] m 0, then video will always 
be unloaded during active graphics time. The unloading 
process is mdependent of color keying. 



HFULL 

This signal is asserted when the VideoCachc"' FIFO 
gets more than half full, 

VidaoCaehan'RoMt 

There are four ways that the VideoCache FIFO gets 
reset: 

FIFO Reset Pia This is an external hardware FIFO 
RESET method for resetting the Bt885 Video FIFO 
This pin must be held low for ai least two VLCLKs 
with PIXEL CLOCK running. 

CR4.7. This is a software RESET method for 
resetting the Bt885 VideoCache FIFO. A logical one 
written to this bit resets the VideoCache FIFO after four 
VLCLKs. A logical zero will put the FIFO back to 
normal operation. 

An underflow occurred. The SR2.7 status bit says 
a VIDEO FIFO underflow occurred when a logical one 
is read. The VideoCache FIFO is automatically reset 
when this happens. A MPU write cycle to Sutus 
Register 2 will clear SR27. 

Vertical Retrace Interval An automatic VIDEO 
FIFO reset also occurs during the vertical retrace 
interval. When the ENABLE line is low for 2048 clock 
cycles an intemd FIFO RESET sequence is initiated. 

READY and VRESET* will be « 0 during the FIFO 
reset period. READY will become active within one 
PIXEL CLOCK period after VRESET* goes high. 

General Purpose Signals 

DIVCLK1/DrVCLK2 

These signals provide programmable free-running 
clocks based on the internal pixel clock. They can be 
used to generate external pixel load clocks, such as 
VLCLK or GLCLK. A gated clock may be generated 
from DIVCLKl by using another general purpose 
signal, SEN. described below. 

SEN 

This signal is used to provide a gating control for 
DIVCLKl. SEN can be programmed to start relative to 
the falling edge of tntnnally detected vertical blank 
(see cursor operation) in units of scanltnes and relative 
to the falling edge of C/HSYNC* in DIVCLKl cycles 
using the serial clock enable start (horisomal and 
vertical) registers. Duration is set in units of scanllnes 
for the vertical direction and in DIVCLKl cycles for 
the horizontal direction (relative to the beginning of 
SEN) using the serial clock enable duration (horizontal 
and verucal) registers. This signal is guaranteed to 
transition only during DIVCLKl low time. 
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This signal may be used lo control a VRAM shift 
ciock which mns during non-blanking limc When an 
appropriate delay is programmed from the leading edge 
of C/HSYNC*. the serial data can be properly 
posiuoned before the trailing edge of BLANK*. The 
SEN duration register then stops the serial clock to 
allow the system to perform VRAM row datt transfer. 
Because CTHSYNC* is sampled with the internal pixel 
clock, there may be an additional pixel clock delay 
between C/HSYNC* falling and the SEN rising. 

MOOEO 

This is a general purpose, TTL compatible, registered 
mput/output which is set using CR4.5. Selection of 
mput or output is made using CR3.7. 

This pin is user-definable and could be used to 
interface between hardware and software. For example. 
MODEO could detea the existence of a video card. 
Software would detea this by reading CR4.5. 



Video Window Operation 



%1 XSTAKT register indicates the starting X position 
"l^'^on the screen for the video window relative to the 
.=^^ ENABLE pin (Figure 2). A value of zero indicates that 



the video window begins with the first (leftmost) pixel 
of each horizontal scan line. The YSTART register 
indicates the starting Y position on the screen for the 
video window. A va'^j of zero indicates that the video 
window begins on il.. jrst scan tine of each frame. TTie 
XWIDTH register inuicaies the number of pixels per 
scan line within the video window. A value of zero 
indicates that there are no pixels in the video window. 
The YHEIGHT register indicates the number of scan 
lines within the video window. A value of zero 
indicates that there are no scan lines in the video 
window. 

All four values, XSTART. XWIDTH, YSTART. and 
YHEIGHT should be written sequentially. Internal 
video window coordinates are loaded during the next 
detected vertical blanking interval after the YHEIGHT 
register is written. 

Video Scaling Operation 

The Bt885 supports video upscaling in the horizontal di- 
rection. Horizontally, a combination of coarse pixel in- 
terpolation and pixel-accurate replication may be 
applied. Downscaling of the source image, both hori- 
zontally and vertically, must be performed ouuide the 
Bt885. 



1^ 



Screen 



XSTART 



YSTART 



Video Window 



YHEIGHT 



XWIDTH 



Figure 2. Vld0o Window R0gi9t0rs. 
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Circuit Description (continued) 

Horizontal Sealing 

Horizontal upscaling may be accomplished by using a 
combination of two methods: pixel replication and 
pixel interpolation. 

Pixel replication is accomplished by using the 
output of an overflowing 12-bit accumulator to either 
clocic a value out of the VideoCachc^ FIFO to the 
DACs or to hold the current DAC value. 

At the Stan of each Kan line, the accumulator is 
initialized to the value stored in the XSCALEINIT 
register. On each pixel the value stored in the 
XSCALEINC register is added to the accumulator. 

If the addition results in a carry, a pixel is clocked 
out of the VidcoCache^ FIFO to the DACs. If no carry 
occurs, the previous DAC value is held. This style of 
scaling is known as a Digital Differential Algorithm 
(DDA). 

To accomplish scaling, the system supplying the 
Bt885 with video pixel must precaiculate the DDA 
constants required for the desired scale factor and load 
the values into the two 12-bit X-scalsng registers. 
XSCALEJNIT and XSCALEINC, as follows: 

XSCALEINC m {(Source Video Width • Ox 1000) + 
0x0800- XSCALEINIT)/ 
Destination Video Width 

0 S XSCALEINIT S OxOFFF. XSCALEINIT can be 
used to set the replication phase of the DDA in more ad- 
vanced applications. 

Pixel interpolation is available when using certain 
YCrCb video modes. When used, it can interpolate the 
data to 2x or 4x the source horizontal pixel count The 
able below shows source dau formats, video mode se- 
lected (CRl), and the resulting interpolation factor 
achieved. 







Inttrpolctlon 


Souret Vid«o 




Factor 


Format 


S«l«ettd 


Aehl«v«d 


YCfCb 4:2:2 


YCiCb 4:2:2 


1:1 




YCiCb 2:1:1 


2:1 




YCiCb 1:J:J 


4:1 


YCKIb 2:1:1 


YCfCb 2:1:1 


1:1 




YCrCb 1:J:J 


2:1 


YCfCbi:.5:.5 


YCiCb 1:J:^ 


1:1 



Exampie: To fill a window which is 636 pixels wide 
with a source of 320 pixels of YCrCb 4:2:2 dau loaded 



in 1:1 mux mode, one should select the YCrCb 2:1:1 
video mode (CRi.7-CRl.4 « 5) and set XSCALEINC 
to OxOFFF for no replication. If the window were 
slightly larger, say 700 pixels wide, one should select 
the YCrCb 2:1:1 video mode and use the pixel 
replicator to stretch the 636 new pixels into 700 pixels 
(XSCALEINC « OxOE89. XSCALEINIT « 0x0800). 



Color K0y Operation 

Selection between the video and graphics pixel data 
may be based on a specified range of graphic pixel 
values. A '^color key set** may be defined which 
specifies one or more graphic pixel values that allow 
video pixels to be shown. 

To define the color key set, three color key registers 
and three color mask registers are used. A graphic pixel 
value is bitwise XORed with the color key and the 
result is NANDed with the color mas. If the result is 
one. the corresponding video pixel is displayed in its 
place. 

When a gn^hic pixel value falls within the color 
key set, the coiresponding video pixel is displayed 
radter than the graphic pixel. Color key detection may 
occur either before the palette lookup or after the 
palette lookup. In 16* and 24-bit pixel modes, if palette 
bypass is enabled, selecting matching after the palene 
matches based on the acmal values that would be 
applied to the actual values that would be applied to iht 
DACs. 

When matching af»r the palette, bit CR4.2 of 
Command Register 4 should be set to 1, and the color 
key registers and color mask registers represent 24-bit 
RGB values each. The registers are ordered with red at 
the lowest address, then green and blue. 

When matching before the palette, bit CR4.2 of 
Register 4 should be set to zero. The color key registers 
and color mask registers represent unmultipiexed 
graphic pixel values, with the red register as die least 
significant byte, then green and blue. Only the biu 
n«ded to represent the pixel are used. For example, 
and 8-bit pixel color key and mask use only the red 
gisters, 16-bit pixels use only the red and green 
registers. 

Pixel selection occurs only within the current video 
window boundaries, and only when bit 014.6 of 
Command Register 4 is set to 0 to allows color key 
detection. When CR4.6 is set to 1. all pixels within the 
video window 111 display the video pixels, regardless of 
color mask and key register values. 

The hardware cursor always has display priority 
over color key selection. 
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Example 1 , 

Match a specific 8-bit ps«udo-color pa.jite position 

(value 0 X FE). 

CR4_2 « 0 (matching before pticnc) 
CR4.6 K 0 (allows color keying) 
Color Mask: (B) OxXX (G) OxXX (R) OxFF 
Color Key: (B) OxXX fG) OxXX (R) OxFE 

Example 2 

Match a range of blue values between OxCO and 0xC7. 
CR4.2 m 0 (matching after palette) 
CR4_6 « 0 (allows color keying) 
Color Mask: (B) 0xF8 (G) 0x00 (R) 0x00 
Color Key: (B) OxCrO (G) 0x00 (R) 0x00 

Example 3 

Use bit 15 in a TARGA 15-bit true-color mode to 
perform color key. 

& CR4.3 » 0 (matching before palette) 
CR4,6 « 0 (allows color keying) 
Color Mask: (B) OxXX (G) 0x80 (R) 0x00 
Color Key: (B) OxXX (G) 0x80 (R) 0x00 
f^ote: To set the coior key or color mast aU three 
indexes must be wriaefu even ^aU three indexes 
PT are not used 

||, YCrCb-to-RGB Matrix 

I Jj: The matrix converts the YCrCb video dau to 24 bits of 
f RGB dau (8 bits each). 

The YCrCb-io-RGB conversion is compliant with 
^;L|r]CCIR Recommendation 601-! as follows: 

JIJ R« IJ64(Y-l6)+li96(Cr~l28) 

'13 Gs L164(Y.l6)-0.8l3(Cr-128) 
-0.39l(Cb-128) 

B« I.164(Y- :6)^2.0l8(Cb-128) 

Modes of Opention— Graphics 

4.BiU/Pixel Operation (8:1 MUX) 

The 32 input bits are multiplexed 8:1 and configured 
for 4 biis/pixci. There arc eight independent 4-bit pixel 
poru. P7:4 (A-D) and P3:0 (A-O). The pixel bitt are 
latched on the rising edge of CLCLK. One rising edge 
of GLCLK should occur every eight pixel clock cycles. 
The 4 bits from each port will select one of 16 locations 
n the palette (see Table 14 in the Internal Registers 
section). 



8-Bits/Pixel Operation (4:1 MUX) 

The 32 input bits are multiplexed 4. 1 and configured 
for 8 bits/pixel. There are four independent 8-bit pixel 
pons. (A-O). The pixel bits are latched on the nsing 
edge of GLCUC One rising edge of GL<n.K should 
occur every four pixel clock cycles- The 8 bits from 
each pon will select 1 of 256 locations in the paJene 
(see Table 14 in the Internal Registers section). 

8*Bita/Plxel Operation (2:1 MUX) 

The 16 input bits are multiplexed 2:1 and configured 
for 8 bits/pixel. There are two indq)endent 8-bit pixel 
pons, (A--B). The pixel bits are latched on the nsing 
edge of GLCLK. One rising edge of GLCLK should 
occur every two pixel clock cycles. The 8 bits from 
each pon will select 1 of 256 locations in the palette 
(see Table 14 in the Internal Registers section). 

S-Btta/Plxel Operation (1:1 MUX) 

The 8 input bits are multiplexed 1:1 and configured for 
8 bits/pixel. There is one 8-bit pixel port, (A). The pixel 
bits are latched on the rising edge of GLCLK. One 
rising edge of GLCLK should occur every pixel clock 
cycle. The 8 bits will select 1 of 256 locations in the 
palette (see Table 14 in the Internal Registers section). 

16-Bita/Plxe) Operation (2:1 MUX) 

The 32 input bits are multiplexed 2:1 and configured 
for 16 bits/pixel. There are two ind^endent 16-bit 
pixel poru. (A-B) and (C-D). The bits are latched on 
the rising edge of GLCLK. One rising edge of GLCLK 
should occur every .two pixel clock cycles. The pixel 
bits multiplexed in this mode are from the same ports of 
RGB color formats of 5:5:5 or 5:6:5. P7D and PTB art 
ignored tnterT^ly when the 5:5:5 color format is 
selected (see Table 14 in the Intenul Registers section). 

Bit CR2.4 in Command Register 2 can be 
programmed to enable or disable tnie<olor palette 
bypass. When the bypass nuxfe is selected, the pixel 
dau bypasses the palette as well as the pixel mask, and 

is transferred to the prot^er MSBs of the respective 
DACs. the remaining LSB. ire set to zero&. When the 
bypass mode is not selecte _ the pixel datt mdexes the 
palette, and color inforniation is passed to the 
respective DACs. Bit CR2.2 in Command Register 2 
determines whether palette addressing is sparse or 
contiguous. For sparse palette addressing, each 
independent color component of pixel dau is mapped 
to the MSBs of the respective palette address; the LSBs 
are set to zero. For contiguous palette addressing, each 
independent color component of the pixel dau is 
mapped to the LSBs of the respective palette address: 
the MSBs are set to zero. The color palette values 
indexed, for either sparse or contiguous addressing, are 
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Circuit Description (continued) 

iransfcTTtd to the DACs. When 5:5:5 or 5:6:5 color 
format ts selected, the display can contain 32 K or 64 K 
simultaneous colors. The DACs ctn be configured for 6 
or 8 bits of resolution in this mode. If 5:5:5 color 
format is selected, the MSB may be used for color key 
operation (see Table 3 and Table 4). 

1G*Btts/Ptxel Opmtion (1:1 MUX) 

The 16-bi( pixel pon (A^) i$ hatched on the rising 
edge of GLCK and is muitipiexed 1:1. One rising 
edge of GLCLK should occur every pixel clock cycle. 

Bit CR2.5 in Command Register 2 can be 
programmed u> enable or disable tnie<olor palette 
bypass. When the bypass mode is selected, the pixel 
data bypasses (he palette as well as the pixel mask, and 
is transferred to the proper MSBs of the respective 
DACs. When the bypass mode is not selected, the pixel 
data indexes the proper locations in the palette, and the 
^^^^ correct color information is passed to the respective 
Q^. DACs. Bit CR2.2 in Command Register 2 determines 
whether palette addressing is spane or contiguous. For 
ijlJ sparse palette addressing, each independent color 
3J component of pixel dau is mapped to the most 
1^1 significant bits of the respective paiette address; the 
4^if. LSBs are set to zero. For contiguous palette addressing, 
Cy each independent color component of the pixel dau is 
W mapped to the LSBs of the respective palette address; 

the MSBs are set to zero. The color paiette values 
'^L^ indexed, for either sparse or contiguous addressing, are 
: . transferred to the DACs. When 5:5:5 or 5:6:5 color 
format is selected, the display can contain 32 K or 64 K 
ffyj simultaneous colors. The DACs can be configured for 6 
T% or 8 bits of resolution in this mode (see Table 3 and 
?"fl^ Table 4). 

bjZ If 5:5:5 color format is selected, the MSB may be 

j¥ " used for color key operation. 

7iJ For graphics pixel index masking, see Table 5. 



24*BltA/Pixel Op«ratior) (1:1 MUX) 

When 24 bits/pixel in 1 : 1 MUX mode is selected, there 
is one 24.bit pixel port, (A-C). The pixel bits arc 
latched on the rising edge of GLCLK and multiplexed 
1:1. One rising edge of GLCLK should occur every 
pixel clock cycle. The RGB color format in this mode is 
8:8:8. 

Bit CR2.5 in Command Register 2 can be 
programmed to enable or disable true<olor palene 
bypass. When the bypass mode is selected, the pixel 
data bypasses the palette as well as the pixel mask, and 
is transferred to the proper MSBs of the respective 
DACs. When the bypass mode is not selected, the pixel 
data indexes the proper locations in the palette, and the 
independent RGB color values are passed to the 
respective DACs (sec Table 6a thru Table 6c). When 
8:8:8 color format is selected, the display can contain 
16.8 million simultaneous colors. The DACs should be 
configured for 8 bits of resolution in this mode (CR25 « 
I. CRO.l « 1). CR4^I and CR4^0 can be used to alter 
the pixel read order to BRG or BGR. 

Pixtt Road Mask Ragiatar 

The pixel data can be masked before being transferred 
CO the color palette with the 8-bit pixel mask register. 
The pixel dau is bit«wise logically ANDed with the 
contents of the pixel read mask register. The result is 
used to address the color palette RAM. The addressed 
location provides 24 bits of color information to the 
three D/A converters. Pixel masking is enabled for all 
modes of operation except when the tnje<olor bypass 
is enabled. The pixel mask register is initialized to 
logical ones at reset (see Table 16. Register Values on 
Reset in the Internal Register section). 
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Bit 


MSB 


LS6 


Format 


X 


R 


R 


R 


R 


R 


C 


C 


C 


C 


C 


B 


B 


B 


B 


B 


Port 1 


P7B 


P6B 


P5B 


P4B 


P3B 


P26 


PIB 


POB 


P7A 


P6A 


P5A 


P4A 


P3A 


P2A 


PIA 


POA 


Port 2 


P7D 


P6D 


PSD 


P40 


P3D 


P2D 


PID 


POO 


P7C 


P6C 


PSC 


P4C 


P3C 


P2C 


PIC 


POC 



Note: X bit may be used for color Icey before the paiettc. 

Tsbie 3. 5:5:5 RGB Gnphles Color Formmt lor Both 2: 1 and 1:1 MuitJploxing Modes. 



BH 


MSB 


LSB 


Format 


R 


R 


R 


R 


R 


C 


G 


C 


C 


C 


G 


B 


B 


B 


B 


B 


Port! 


P7B 


P6B 


P5B 


P4B 


P3B 


P2B 


PIB 


POB 


P7A 


P6A 


PSA 


P4A 


P3A 


P2A 


PIA 


POA 


Por;2 


P7D 


P6D 


PSD 


P4D 


F3D 


P2D 


PID 


POD 


P7C 


P6C 


PSC 


P4C 


P3C 


P2C 


PIC 


POC 



''ills 



Tsbfe 4. 5:6:5 RGB Graphics Color Format for Both 2: 1 and 1:1 Muttlpiaxlng Modes. 





MSB 














tS8 


XMaptoZaro 


P-xel Mask Register 




6 










1 


0 


Register Bttt 


4 Bvis/Pi«l 




X 










1 


0 


Palette Index 


8 Bits/Pixel 




6 










I 


0 


PaJette Index 


16 Btis/Pixe] 
5:J;5 Format 
SPARSE 




6 
6 
6 










X 
X 
X 


X 
X 
X 


Red Palette Index 
Green Palette Index 
Blue Paleoe Index 


16 Bits/Pixel 
5:5:5 Format 

coKncuous 




X 
X 
X 










1 
I 
1 


0 
0 
0 


Red Palette Index 
Green Palette Index 
Blue Palette Index 


16Bits/Ptxei 
5:6:5 Format 
SPARSE 




6 
6 
6 










X 
X 
X 


X 
X 
X 


Red Palette Index 
Green Palette Index 
Blue Palette Index 


16 Bits/Pixel 
5:6:5 Format 
CONTJCUOUS 




X 
X 
X 












0 
0 
0 


Red Palette Index 
Green Palette Index 
Blue Palette Index 


24 Biis/Pixcl 
8:6:8 Format 




6 
6 
6 












0 
0 
0 


Red Palene Index 
Green Palette Index 
Blue Palette index 



Tables. Graphics Pixel Index Masking. 
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•If IMSB 


LS8 
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R 


R 


R 


R 


R 


R 


G 


C 


C 


C 


C 


C 


C 


G 


B 


B 


B 


B 


B 


B 


B 


B 


Ihjni )r?c 


P6C 


WC 


P4C 


P3C 


P2C 


PIC 


POC 


P7B 


P6B 


P5B 


P4B 


P3B 


P2B 


PIB 


POB 


f7A 


P6A 


P5A 


P4A 


P3A 


P2A 


PtA 


POA 



r«6fe 6a. 24'Blts/Pbnl GnpMet RGB Color Formst {CR4^1, 40 « 00) for 1:1 MUX Modes. 
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R 


R 


R 


R 


C 


C 


C 


G 


G 


G 


G 


C 


Pon 1 


P7C 


P6C(P3C 


P4C 


P3C 


PIC 


PIC 


POC 


P7B 


PtiB 


P5B 


P^ 


m 


P2B 


PIB 


POB 


flA 


P6A 


P5A 


P4A 


P3A 


P2A 


PIA 


POA 


1^ Ubl9Bb. 24^H$/PiX9lGnpMeMBttGCoicrFom^(CR4,1,40c01). 


pBIt 


MSB 


tSB 




B 


B 


6 


6 


B 


B 


B 


B 


C 


C 


G 


G 


0 


C 


G 


G 


R 


R 


R 


R 


R 


R 


R 


R 




PTC 


P6C 


P5C 


P4C 


P3C 


P2C 


PIC 


POC 


P7B 


P6B 


P56 


P4B 


P3B 


P2B 


PIB 


POB 


P7A 


P^ 


PSA 


P4A 


P3A 


PZA 


PIA 


POA 



Ubl^Bc. 24'BitM/PbclGrBpMc$Bfia Color FomM(CR4^1, 40 s 10). 
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Circuit Description (continued) 
Modes of Operation — V7d^o 

The pixel ordering and YCrCb-to-RCB conversions are shown in Table 7 through Table 9. The video pixel pon 
configurauon is shown in Table 14 in the Internal Registers section. The following descnbes video operauon modes. 

YCrCb 1:0.5:0 J Optration (4 Byte«/8Pixtlt) 

The 32 input bits are configured for YCiCb l.-OJ:0^. There are four independent 8-bit pixel pom, (E-H). Each group 
of 4 bytes resulB in 8 output pixels. The pixel bitt are latched on the rising edge of VLCLK. 



YCrCto ^AJSiM VMM Celer PemMt (4 ByttcA Pixtis) 



BK 


MSB 


LS8 


Formal 


Cb 


Cb 


Cb 


Cb 


Cb 


Cb 


Cb 


Cb 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Pon 1 


P7H 


P6H 


P5H 


P4H 


P3H 


P2H 


PIH 


POH 


P7C 


P6G 


P5C 


P4G 


P3G 


P2G 


PIG 


POG 


Formal 


Cr 


Cr 


a 


a 


a 


Cr 


a 


Cr 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Pon 2 


P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


POF 


PTE 


P6£ 


P5E 


P4E 


P3E 


P2E 


PIE 


POE 



YCrCb 1:0.5:0.5 Operation (2 Bytts/4 Pix«lt) 

The 16 input bits arc configured for YCfCb 1:0^:0 J. There are two independent 8-bit pixel ports, (G-H). Each group 
of 2 bytes results in 4 output pixels. The pixel bits are latched on the rising edge of VLCLK. 



YCrCb 1.-0^:0^ VMM Color Format (4 BytM/4 PIxtIa} 
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Cb/Cr 


Cb/Cr 
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Y 
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Y 


Port 1 
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P6H 


P5H 


P4H 


P3H 


P2H 
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P7G 


P6G 


P3G 


P4C 


P3G 


P2G 
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Format 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Pon 2 


P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 




PTE 


P6E 


P5E 


P4E 


P3E 


p:e 


PIE 


?0E 



YCrCb 1 :0.5:0.5 Oparation (1 Byttt/2 Pbcala) 

The 8 input bits are configured for YCrCb l:OJ:0^. That is one 8-bii pixel port, (H). Each byte loaded results in 2 
output pixels. The pixel bits are latched on the rising edge of VLCLK. 



CrCb 1H)J.*0^ VWao Color Format (4 Bytaa/a Pbcala) 



Bit 


MSB 


LSB 


Format 


Cbor/ 

Cr/Y 


art/ 

CxTf 


Cbor/ 

Cxtt 


CWY/ 
Off 


cbnr/ 

Ci/Y 


Chnr/ 

Ci/Y 


art 


CbTf/ 
Cr/Y 


X 


X 


X 


X 


X 


X 


X 


X 


Pon I 


PTH 


P6H 


PSH 


P4H 


P3H 


P2H 


PIH 


POH 


PTC 


P6C 


P3G 


P4G 


P3C 


P2G 


PIC 


POG 


Format 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Pon 2 




P6F 1 P5F 


P4F 


P3F 


P2F 


PIF 


POF 


PTE 


P6E 


P5E 


P4E 


P3E 


P2E 


PIE 


POE 
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Circuit Description (continued) 

YYCrCb 2:1:1 Op^rition (4 Byte$/4 Pixels) 

The 32 input bits ire configured for YCrCb 2:1:1. There are four independent 8-bit pixel pons. (£-H). The pixel bits 
ve latched on the rising edge of VLCLK. 



YCrCb 1:0^:0^ VMM Color Format (4 BytM/4 Pbcela) 



Bit 


MSB 


LSB 


Fofinit 


Cb 


Cb 


a 


Cb 


Cb 


Cb 


Cb 


Cb 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Pen J 


P7H 


P6H 


P5H 


P4H 


P3H 


P2H 


PIH 


POH 


P7G 


P6G 


P5C 


P4C 


PK} 


P2C 


PIC 


POC 


Fonnit 


Cf 


Cr 


a 


• Cr 


a 


O 


Cr 


Cr 


Y 


Y, 


Y 


Y 


Y 


Y 


Y 


Y 


Pon: 


P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


POF 


P7E 


P6E 


P5E 


P4E 


P3E 


P2E 


PIE 


POE 



YCrCb 2:1:1 Operttion (2 Bytoft/2 Pixolt) 

The ]6 input bits are configured for YCrCb 2:1:1. There art two independent 8-bit pixel ports. (G-H). The pixel bits 
are latched on the rising edge of VLCLK. 



YCrCb 12:1:1 VIdM Color Format (2 BytM/2 Pbcalt} 


Bit 


MSB 


LSB 


Fonnii 


ChCr 


Cb/Cr 


CWCr 


ChCr 


oyer 


Ch^Ir 


CWCr 


Cb/Cf 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Pon 1 


P7H 


P6H 


P3H 


P4H 


P3H 


P2H 


PIH 


POH 


P7G 


P6C 


P5G 


P4G 


P3G 


P2G 


PIG 


POC 


Format 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Port 2 


P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


POF 


PTE 


P6E 


P5E 


P4E 


P3E 


P2E 


PIE 


POE 



YCrCb 2:1:1 Oporation (1 Byto/1 Pfxol) 

The 8 input bits are configured for YCrCb 2:1:1. There is one 8-bit pixel port, (H). Each byte loads results in two 
output pixels. The pixel biu are latched on the rising edge of VLCLK! 



YCrCb 2:1:1 VMo Color Format (1 BytoH Pbtaf) 



Bft 


MSB 


LSB 


Fonnai 


OiTil 

on 


OsTii 

arc 


Chnr/ 

Cr/Y 


ChOf/ 

onr 


Ch^/ 

art 


CbTtf 
O/Y 


CbTf/ 

onr 


Chor/ 

OfY 


X 


X 


X 


X 


X 


X 


X 


X 


Pon 1 


P7H 


P6H 


P5H 


P4H 


P3H 


P2H 


PIH 


POH 


P7G 


P6G 


P5C 


P4C 


P3C 


P2G 


PIC 


POC 


Fofmat 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Pon2 


P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


POF 


PTE 


P6E 


P5E 


P4E 


P3E 


P2E 


PIE 


POE 



14 



Brooktree' 



Bt885 



Circuit Description (continued) 

YCrCb 4:2:2 Operation (4 Bytes/2 Pixels) 

The 32 input bits arc -.figured for YCrCb 4:2:2. There arc four independent 8-bii pixel ports. (F-E) and (H-G) The 
bits are latched on tr ^mg edge of VLCLK. 



YCrCb 4:2:2 Video Color Format (4 8ytes/2 Pixels) 



Bit 


MSB 






LSB 


Format 


Cb 


Cb 


Cb 


Cb 


Cb 


Cb 


Cb 


Cb 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Port I 


P7H 


P6H 


P5H 


P4H 


P3H 


P2H 


PIH 


POH 


P7C 


P6C 


P5G 


P40 


P3C 


P2G 


PIG 


POG 


Format 


Cr 


Cr 


Cf 


Cr 


Cr 


Cr 


Cr 


Cr 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Prn2 


P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


PDF 


P7l 


P6E 


P5E 


P4E 


P3E 


P2E 


PIE 


POE 



YCrCb 4:2:2 Operation (2 Bytes/1 Pbceis) 

The 16 input bits arc configured for YCrCb 4:2:2. There are two independent 8-bit pixel ports, (G-H). The input bits 
arc latched on the rising edge of VLCLK, 



YCrCb 4:2:2 VMeo Color Format (2 Bytes/1 PixeO 



Bit 


MSB 






LSB 


Format 


Cb/Cr 


CNCr 


Ch^Cr 


Cb/Cr 


Ch/Cr 


Cb/Cr 


Cb/Cr 


CbCr 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Port I 


P7H 


P6H 


P5H 


P4H 


P3H 


P2H 


PIH 


POH 


P7G 


P6G 


P5G 


P4G 


P3G 


P2G 


PIG 


POG 


Formal 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Port 2 1 


P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


PCM^ 


PTE 


P6E 


P5E 


P4E 


P3E 


P2E 


PIE 


POE 



51 1S-Bits/Pixel 5:5:5 Operation (2:1 MUX) 

lli P« 32 input bits arc configured for 16 bits/pixel. There arc two independent 16-bit pixel ports, (E-F) and (G-H). The 

^ bits arc latched on the nsing edge of VLCLK. The RGB color format in this mode is 5:3:5. The most significani bit is 

:fr not used. 



16-Blts/Plxel 5:5:5 Operation (1:1 MUX) 



The 16 input bits arc configured for 16 bits/pixel. There is one I6.bit pixel port (G-H). The input bits art latched on 
the nsing edge of VLCLK. The RGB color format in this mode u 5:5:5. The most significant bit is not used. 



5:5:5 RGB VWso Color Ponnet lor Both 2:1 and 1:1 Mumpiexing Modes 


Bit 


|Mse 


























I.5B 
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t X 


R 1 R 
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R 
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C 


G 


G G 


G 


B 


B 




B 


fi 
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! P?C 


P6G 1 P5G 


P4G 


P3G 


P2G 


PIG 


POG 


P7H 1 P6H 


P5H 


P4H 


P3H 


P2H 


PIH 


POH 


Port 2 


! P7E 


P6E I P5E 


P4E 


P3E 


P2E 


PIE 


POE 


P7F j P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


POP 
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Circuit Description (continued) 

15*Btts/Pixel 5:6:5 Operation (2:1 MUX) 

The 32 input bits are configured for 16 bits/pixel. There arc two independent 16-bit pixel poru, (E-F) and (G-H). The 
bits arc latched on the rising edge of VLCLK. The RGB color format in this mode is 5:6:5. 



16-Btts/Pixef 5:6:5 Optratlon (1:1 MUX) 

The 16 input bits are configured for 16 bits/pixel. There is one I6-bii pixel port (C3-H). The input bits arc latched on 
the rising edge of VLQX The RGB color format in this mode is 3:6:5. 



5:6:5 RGB Vld«o Color Fomwt for Both 2:1 and 1:1 Multtpltacing Modtt 



Bit 


MSB 


LSB 


format 


R 


R 


R 


R 


R 


R 


G 


C 


G 


G 


G 


B 


6 


6 


B 


& 


Pon 1 


P7G 


P6G 


P5G 


P4G 




P2G 


PIC 


POC 


P7H 


P6H 


P3H 


P4H 


P3H 


P2H 


PIH 


POH 


Port 2 


P7E 


P6E 


P5E 


P4E 


P3E 


P2E 


PIE 


POH 


P7F 


P^ 


P5F 


P4F 


P3F 


P2F 


PiF 


POF 



24^fts/Pixe(Optr«tion(1:1 MUX) 

11:^'; The 24 input bits are configured for 24 bits/pixel There is one 24-bit pixel port, (F-H). The bits are latched on the 
Vf rising edge of VLCLK. The RGB or BGR color format in this mode is 8:8:8. The color format is controlled by bit 
Jj4 CR4.4 in Command Register 4. 



24-B»t RGB VIdM Color Format (CR4.4«0) for 1:1 Muftiplaxfno Modas 



Bit 


MSB 


LSB 
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R 


R 


R 
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R 


R 
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G 


G 


G 


G 


G 


G 


G 
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P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


POF 


P7G 


P6G 


P3G 


P4C 


P3G 


P2C 


PIG 


POG 
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B 
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B 
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P4H 
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PIH 


POH 
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P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


POF 



4-Bft RGB Vld«o Color Format (CR4.4«1) for 1:1 Multlpltxtng ModM 



Bit 
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Format 
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Port 1 
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P4F 
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P2F 


PIF 


POF 


P7G 
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^£9^ Bt885 

Circu: ascription Yc -nued) 

:CCIR60I 1.0.5:0,5 
CCIR656 Component Ordering 
Coior Space. YCfCb 
Subumpiing: 1:0.5:0.5 



Addrest (8N>) 


0 


J 




3 


4 


5 


6 


7 


Value 


CbO 


YO 


C 


Y4 


CbS 


Y8 


Cr8 


YI2 



1 - 

Pixel 


0 


1 


2 


3 


4 


5 


6 


7 


Y 


YO 


3Y0*Y4 
4 


Y0*Y4 
2 


: V. . 3Y4 
4 


Y4 


3Y4 ^ Y8 
4 


Y4*Y8 
2 


Y4 * 3Y8 
4 


Cr 


CK) 


CrO 


3CfO 4. Cr6 
4 


3CK)*Cr8 
4 


CK)-<.Cr8 
2 


CfO + Crt 
2 


CiO + 3Cf8 
4 


O0*3Cr8 
4 


Cb 


CbO 


CbO 


3CbO<K 
Cbfi 

4 


3CbO* 
CbS 

4 j 


CbO**- 
Cb8 
2 


CbO* 
CbS 
2 


CbO* 
3Cb8 
4 


CbO + 
3Cb8 
4 



7W/e7: CaR6011:0.S:0.S Vld0O Format 

^f, CCIR60I 2:1:1 

4^^': CQR656 Component Ordering 

\^ Color Space: YCrCb 

7 -' 



AddrMs (8N*) 


0 




2 


3 


4 


5 


6 


7 


Velwe 


CbO 


YO 


CiO 


Y2 


Cb4 


Y4 


04 


Y6 



Pixel 


0 


1 


2 


3 


4 


5 


6 


7 


Y 


YO 


2 


Y2 


2 


Y4 


Y4^Yfi 
2 


Y6 


2 


Cr 


CiO 


4 


MtCr4 
2 


CfO ^ ^rfA 

4 


Cr4 


3Cf4*Cf« 
4 


Cf4tCr8 

2 


Cr4*3Cr8 

4 


Cb 


CbO 


3CbO* 
Cb4 
4 


CbQ*Ch4 
2 


CbO* 
4 


Cb4 


3Ch4^ 
CbS 

4 


QKtCbfi 
2 


4 



rtf6/«0. CIR601 2:1:1 video Formst 
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Circuit Description (continued) 

CCIR601 4:2:2 

CCIR656 Component Ordering 
Color Space: YCrCb 



AddrtM (8N^) 


0 


1 


2 


3 


4 


5 


6 


7 


ValM 


CbO 


vo 


CtQ 


YI 


Cb2 


Y2 


02 


Y3 



it 

m 





0 


1 


2 


3 


Y 


YO 


Yl 


Y2 


Y3 


Cf 


CiO 


Cx0 + O2 
2 


Ct2 


02 + 04 
2 


Cb 


CbO 


CbO + Cb2 
2 


Cb2 


a2 4.a>4 

2 



r^dteA CaneOI 4:2:2 Vid0oFormMt 



|4 



1^ 



DAC Values in IS^BUs/Pbcel 
Video Modes 



In order to achieve 8*btt full-scale DAC output in the 
5:5:5 16-bits/pixel video modes, each 5-bii value will 
Ipl'l be used as the 5 MSBi of the 8-bit DAC value and the 3 
^ MSBs of the 5*bit pixel value will be duplicated in the 
£ low order 3 bits before the pixel value is passed to the 



DACs. Similarly, in 5:6:5 modes, when processing the 
6-bit green component, die 6-bit value will be used as 
the 6 MSBs of the 6-bit DAC value and the 2 MSBs of 
the 6-btt pixel value will be duplicated in the low order 
2 bits before the pixel value is passed to the DACs. 



ATI0199 



Brooktree* 



Bt885 



Circuit Description (continued) 
Cursor Operation 

The Bi885 has an on-chip. ihre«<olor, 64 x 64 x 2 pixel 
uscr-dcfinablc cursor. This cursor works with both 
interlaced and noninterlaced systems. The cursor 
always has display priority over both video and 
graphics pixels. 

The panem for the cursor is provided by the cursor 
RAM. which may be accessed by the MPU at any time. 
The cursor is positioned through the cursor position 
register (Xp.Yp) (see Figure 3), A (0»0) written to the 
cursor position registers will place the cursor 
completely offscreen. A (M) written to the cursor 
position registers will place the lower right pixel of the 
cursor on thr upper left comer of the screen. Only one 
cursor panerr per frame is displayed at the location 
specified for both interlaced and noninteriaced display 
formats, regardless of the number of updates to 
(Xp,Yp). The cursor's vertical or horizontal location is 
not affected during any frame displayed. 

There are no restrictions on updating (Xp, Yp) other 
than both cursor position registen must be written 
when the cursor location is updated. Internal x and y 
position registers are loaded after the upper byte of Yp 
has been wnnen to ensure one cursor paaem per frame 
at the correct location. The cursor pattern is displayed 



at the last cursor location written. Cursor positioning is 
relative to ENABLE. The cursor posiuon is not 
dependent upon BLANK* (see Figure 3). The cursor 
Xp position is relative to the first rising edge of 
GLCLK when ENABLE is sampled at logical one. The 
cursor Yp position is relative to the first rising edge of 
GLCLK when ENABLE is sampled at logical one after 
the ENABLE vertical blanking interval has been 
determined (see Figure 3). If an ENABLE transition 
from logical zero to logical one (as determined by 
GLCLK) does not occur within 2048 internal pixel 
clocks, ENABLE is in vertical blanking. 

For proper cursor operation, selection of interlaced 
or noninterlaced cursor display must be set using bit 
CR2.3 in Command Register 2. 

Figure 4 is a visual explanation of planar pixel 
format and cursor RAM anay pixel mapping 

White the cursor may be disabled by setung bits 
CR2.0-21 of CommaiKl Register 2 to zero, this 
practice is not recommended. The recommended 
method for disabling the cursor is to move it entirely 
offscreen by setting the cursor X and Y location 
registers to (0*0). 

Table 10 gives the pseudo code for Bt885 to check 
for monitor connection. 



BLANK 



. J 



ENABLE 



_r 



1- 



■L. 



s: 

z 

I ^ 



64x64 

CURSOR 

AREA 



DISPLAY AREA 



OVERSCAN AREA 



n L— 



r 



Flgtm3. CurBor PoMltionlng. 
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Circuit Description (continued) 



m 

"5e ■ 



This is Pstudo Code for 6t865 to check for monitor connection. Problem: Verrfy if an 
AG6 or stngte input monitor is connected to the RAMDAC Anetog Outputs 


Prognm Monitor? 


(•Verify Monitor Connection*) 


Reset Bt885 


(Toggle RESET* ofBt883') 


SetaHSYNC*«low 


{•Disable SYNCCuncnf) 


Set BLANK -high 


(•Enable RamDAC Outputs*) 


SetPUeIMisk»SOO 


(•Disable externa) Pixel Input*) 


SetRGBLUTLoc^«S18 


(•10.3 mVx2i« 247 raV«) 


ResdStttus Rtfssier 


(*Checic on State of SENSE**) 


IfSRl*3«l 


(•Check for RGB Monitor Connection*) 


RGB Monitor 




ELSE 




Stngte Monitor? 




AddreuLirTLoc.SOO 


(•Set Address Register to Program LmLoc. 0') 


Set Red DAC Output « $00 


(•Set Red DAC to Output 0 mV) 


Set Cm DAC Output • $18 


(•Set Green DAC to Output 247 mV*) 


Set Blue DAC Output « SCO 


(•Set Blue DAC to Output 0 mV*) 


Read Stsnts Register 


(•Check for Single Input Monitor on Cm.*) 


lfSRI.3»l 




Single input Monitor 




ELSE 




NO Monitor Sensed 




End 





7«6/* 10. Pfudo Coda tor BtSBS Monitor Connoetion. 
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Circuit Description (continued) 



Bt885 



SI 



Cursor Color Support 

The cursor has three modes for color scleciion. Bits 
CR2_ I and CR2.0 in Conimand Register 2 determine 
which cursor mode is to be used. Mode 1 is a three<o]or 
cursor. Mode 2 is a Microsoft Windows^ cursor, and 
Mode 3 is an X- Windows cursor (see Table II). 



Highlight Logic 

The highlight logic is enabled in cursor mode 2 when 
plane I and plane 0 data are logical ones (see Table 1 1 ). 
When the highlight logic is enabled, it ensures that the 
graphics pixel highlighted has a unique color. This ts 
because the highlight logic bit*wise complements the 24 
(18)-btt graphics palette or bypass dau supplied to the 
DACs. 



V7cfeo Generation 

The C7HSYNC* and BLANK* inputs are latched on the 
rising edge of GLCLK to maintain synchronization with 
Che pixel dau. 

Pipelined C/HSYNC* and VSYNC* are output on 
the C/HSYNC* OUT and VSYNC* OUT pins. 

The CR0.5 command bit specifies whether a 0 or 7,5 
IRE blanlung pedestal is to be used. Command bits 
CR0.4. CR0.3, and CR0.2 specify whether the RGB 
outputs contain sync information. 



Figures and Figure 6, and Table 12 and Table 13 
detail how the C/HSYNC* and BLANK* inputs modifv 
the output levels. 

SENSE* Output 

SENSE* is a logical zero if one or more of the lOR. 
lOG, or lOB outputs have exceeded the internal voluge 
reference level of the SENSE* comparator circuit. This 
output determines the presence of a CRT monitor and. 
with diagnostic code, the difference between a loaded or 
an unloaded RGB tine can be discerned. The reference 
is generated by a voltage divider from the external 1 .235 
V voltage reference on the VREF pin. For the proper 
operation of the SENSE circuit, the following levels 
should be applied to the comparator with the lOR. lOG. 
and lOG outpuu: 

DAC Low Voltage S 260 mV (see note below) 
DAC High Voluge 2 410 mV (see note below) 
There is an additional ±10% tolerance on the above 
levels when the imemal voltage reference is used. 

C/HSYNC* should be a logical zero and 6LSNK* 
should be a logical one for SENSE* to be stable. The 
SENSE* output can drive only one CMOS load. 

Note: SENSE values are subject to change upon 
completion of characterization. 



m 

m 

m 
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Flgun 4. Planar Pixtl Femrnt and Curaor RAM Amy Plxaf Mapping. 







M0DE1 


MODE 2 


MODE) 


0 


0 


CunorNoc Displayed 


Cursor Color 1 


PaleoeDau 


0 


I 


Cunor Color 1 


Cunor Color 2 


Palette Dau 


1 


0 


CunorCotorS 




Cursor Color 1 


I 


J 


Cunor Color 3 


HtgMtght 


Cursor Color 2 



Tablali. Cunor Color Modas. 
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Circuit Description (continued) 



Bt8S5 



NO SYNC 



1903 



OQO 



0.714 



MA 



IJOOO 



743 



OLM> 



OLQQO 




WKfTl LEVEL 



SYNC LEVEL 

343A levels And tolerances 



Figures. Compo$ltB Video Output WMv^foms (SETUP ^7^ IRE). 



D«tcriptJon 



Sync 
OlsabM 


Syne 
£n«bl«d 


lout (mA) 


lout (mA) 


19.05 


26.67 


Dau4> 1.44 


D«Uf9.Q5 


Dau4> 1.44 


Dau<f 1.44 


1.44 


9.05 


1.44 


1.44 


0 


7.62 


0 


0 



C«SYNC* 



BLANK* 



OAC Input 
Data 



WHITE 
DATA 

DATA-SYNC 

BLACK 

BLACK-SYNC 

BLANK 

OHSYNC* 



1 
I 

0 
1 
0 
I 

0 



0 
0 



^ <tottWy tenninued bad. VREF . 1 J35 V. and RSCT . 147 a 

Tsbleiz Video Output Truth TMbh (SETUP ^7.5 IRE). 



QxFF 
Dau 
Dau 

0x00 
0x00 

XX 
XX 
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Circuit Description (continued) 



¥^5 

Si 



NO SYNC 



SYNC 



7.« 





WHfTt UV£L 



Ott£ 



srwc LEva 



yVor«: 75 Q doubly tenninated load. VREF * 1.235 Y and RSET • 147 n. RS-343A kveU and lolerances 
assumed on all levels. 

Figun 6. Compo9it0 Vld^e Output W&v^formM (SETUP « 0 IRE). 



D«scrtptlon 


Syne 
DiMbM 


Sync 
EfuUiM 


DHSYNC* 


BLANK* 


DAC Input 
DM 




lout<fnA) 


tout(inA) 






WHITC 


n.62 


25.24 


I 




OxFF 


DATA 


Dau 


Dau ^7.62 


1 




Dau 


DATA-SYNC 


Dau 


Dau 


0 




Dau 


BLACK 


0 


7.62 


I 




0x00 


BLACK-SYNC 


0 


0 


0 




0x00 


BLANK 


0 


7.62 


1 


0 


XX 


OHSYNC 


0 


0 


0 


0 


XX 



Sct€: 7S n doubly terminated load. VREF • 1.235 V and RSET « 147 O. 

Ubi0l3. }nd0O Output Truth ntie (SETUP mO IRE). 
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Interne Reg'sters 
Commar *J Register 0 

This register may be wrinen to or read by the MPU at any time and is not initialized at power-up. CRO^O corresponds 
to dau bus bit DO, the least significant data bit. AJl command register bits are set to logical zero upon asserting a low 
signal on the RESET* pin. 



CR0_7 
CR0.6 



O CR0.4 

O CROJ 
CRO.O 



Reserved 

Clock Disabled and with CROO 

(0) Norma! 

(1) Disable Interna) Oocking 



PedestalIRE 

(0) Disable 

(1) Enable 7.5 IRE 

Blue Sync Enable 
Green Sync Enable 
Red Sync Enable 

(0) Disable 

(1) Enable Sync 

DAC 6/8-Bit Resolution 

(0) 6-Bii Operation 

(1) 8-Bii(^)cration 

Power-Down Enable 

(0) Norma] Operation 

(1 ) Power-Down Operation 



This bit must be written with a 0 to ensure proper operation. 

When this bit and CRO.O are a logi*. one. the internal clock and 
output clocks are disabled to further tserve power when in 
power-down mode. The RAM still rc.ams the data, and MPU 
reads and writes can occur with no loss of data. When this bit is a 
logical zero, internal clocking is enabled and output clocks will be 
generated. 

This bit detennines the video blanking pedestal. A logical zero 
always sets a 0 IRE blanking pedestal and a logical one sets 7.5 
IRE. 

These bits specify whether the respective lOB, lOG. or lOR out- 
puts are to contain sync information. 



This bit specifies whether the MPU is reading and writing 8 bits 
Oogical one) or 6 bits (logicaJ zero) of color information each 
cycle. 

While this bit is a logical zero* the device operates normally. If 
this bit is a logical one, the DACs and power to the RAM and Vid- 
eoCache^ FIFO are turned off. The RAM still retains the data, 
and CPU reads and writes can occur with no loss of data. 
The DACs will be turned off during sleep mode only if a voluge 
reference (internal or external) is used. 
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Internal Registers (continued) 
Command Register 1 

This register may be written to or read by the MPU at any time. CRlJ) corresponds to dau bus bit DO. the least 
significant data bit (see Table 14). All command register bits arc set to logical zero upon asserting a tow signal on the 
RESET* pin. 



CR1.7 


cm.6 


CRtJ 


CIM.4 


Pixel 
L«tchin9 
S«gtMne« 


BytM 

VLCUC 


Ptf 

VLCLK 




0 


0 


0 


0 


N/A 


N/A 


N/A 


AU Video Modes Disabled 


0 


0 


0 


I 


P7:0(H) 


1 


3 


CaR601YCiCblK)^:0-5 


0 


0 


] 


0 


P7:0(H) 
P7:0(G) 


2 


4 


CC1R60I YQCb 1:0.5:0.5 


0 


0 


1 


I 


P7:0(H) 
P7:0(G) 
P7:0CF) 
P7:0CE) 


4 


8 


COReOlYCfCb 1:0.5:0.5 


0 


1 


0 


0 


P7:0(H) 


1 


1 


COReOl YCiCb 2:1:1 


0 


I 


0 


1 


P7;0(H) 
P7:0(G) 


2 


2 


CCIR60] YCrCb 2:1:1 


0 


I 


1 


0 


PliW) 
P7:0(G) 
P7:0(F) 


4 


4 


CCIR60lYOCb 2:1:1 


0 


1 


1 


I 


P7:0(H^) 


2 


1 . 


CaR601YCfCb 4:2:2 




0 


0 


0 


P7:0(H-G) 
P7:0(F.E) 


4 


2 


CCIR601 YCrCb 4:2:2 




0 


0 


1 


P7:0(H-O) 


2 


I 


15 Bitt Per Pixel 5:5:5 




0 


I 


0 


P7:0(H-G) 
P7.-0(F-E) 


4 


2 


15 Btu Per Pixel. 5:5:5 




0 


1 


! 


P7<KH-0> 


2 




16 Bitt Per Pixel. 5:6:5 




I 


0 


0 


P7:0(H-G) 
P7:0(F-E) 


4 


2 


16 Bttt Per nxel. 5:6:5 




I 


0 


1 


P7:0fH-F) 


3 


1 


24 Bttt Per Pixel 


tuo-ini 








Reserved 



Teble 14. ModeM of Operetlon (Vld0O Pixei Pott Conflgureticn). 
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Internal Registers (continued) 

A. .-ommatKi register biu are set to logical zero upon assening a low signal on the RESET' pm (see Table IS) 



CR1_3 


CR1.2 




CR1.0 


Pbctt 
Utetiing 
$*Qutnc« 


MUX Rate 


Operating 
Modfts 


0 


0 


n 


0 


P7:0(A) 


1:1 


VGA 8 Bus per puel 


1 0 


U 




t 

I 


r7:0(A) 
P7:0(B} 


2 J 


8 Biu per pixel 


0 

1 


0 


J 


0 


n:0(A) 
P7.-0(B) 
n:0(O 
P7.1XD) 


4:1 


8 Bttt per pixel 


! ^ 


0 


I 


i 


P7:4(A) 
P3.*0(A) 
P7:4(B) 

P7:4(C) 

P7 4<D) 


8:1 


4 Bi(S per pixel 


0 


I 


0 


0 


P7.-0(B.A) 


1:1 


15 Bits Per Pixel. 5:5:5 


0 


1 


0 


1 


P7:0(B-A) 


2:1 


15 Bits Per Pixel, 5.5:5 


0 


1 


1 


0 


P7.-0(B-A) 


1:1 


16 Bics Per Pixel. 5:6:5 


0 


I 


1 


1 


P7.-0(B-A) 
P7:0(D-C) 


2:1 


16Btu Per Pixel 5:6:5 


I 


0 


0 


0 


P7:0(C-A) 


1:1 


24 Bics Per Pixel 


lOOMtU 






Reserved 



=^3; Table IS. Modes of Operation (Graphic Pixel Port Configuration). 
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Internal Registers (continued) 

Commsnd Register 2 

This register may be written to or read by the MPU at any time, CR2.0 corresponds to data bus bit DO. the least sig- 
nificant dau bit. All command register bits are set to logical zero upon asserting a low signal on the RESET* pin. 



CR0.7 
CR0.6 
CR0.5 



3 



CRO 4 



fl CR0.3 



CR0.2 



m 

ffi CR0.1 
§s\ CRO J) 



Reserved Logical 0 
Reserved Logical 0 

Tnje*G)lor Bypiass Enable 

(0) Pixel Addreues Palette 

( 1 ) Pixel hypMS9CS Palette 



Oscillator Select 

(0) OSC Selected 

(1) OSC* Selected 

Display Mode Select 
(0) Nonimeriaced 
(OInteiiaced 

16-Bit/Pixel Palette Index Select 

(0) Sparse Indexing 

(1 ) Contiguous Indexing 



Cursor Mode Select 

(00) Cursor Disabled 

(01 ) Thfee^olor Cursor 

(10) Two^lor/Microsoft Win- 
dows^ Cursor 

(11) Two^olor/X-Windows Cursor 



This bit must be written with a 0 to ensure correct operaiion. 

This bit must be written with a 0 to ensure correct operation. 

When this bit is a logical zero, the pixel palette is addressed 
by Che pixel daa. When diis bit is a logical one. the RGB 
pixel dau bypasses the color palette and drives the DACs 
directly. True-color bypassing is only available for pixel 
sizes of 16 and 24 bits. 

When this bit is a logical zero, OSC is seieaed as the TTL 
pixel clock input. When this bit is a logical one. OSC* is 
selected as the TTL pixel clock input 

When this bit is a logical zero, the display format is nonin* 
terlaced. When the bit is a logical one, the display format is 
interlaced. The mode must be set properly to ensure proper 
operation of the internal cursor. 

When this bit is a logical zero, palette addressing is sparse. 
The RGB color component pixel dau is mapped to the most 
signiiicafit bits of the RGB palette address. Th^ LSBs of the 
palette address bits are set to (0)« When this bit is a logical 
one. palette addressing is contiguous. The RGB color com* 
ponent pixel dau is mapped to (he LSBs of the palette 
address. The MSBs of the address are set to (0). 

These bits determine the functionality of the onboard 64 x 
64 X 2 hardware cursor. 
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Internal Registers (continued) 
Accessing the Extended -Registers 

An extended register set is used to accommodate all 
features of the BtSSS, Since there are only four register 
select lines (and all \6 combinations have already been 
used), the extended registers must be accessed 

indirectly. 



For example. Command Register 3 is accessed with 
the following sequence of operations: 

1 Set RS3-RS0 « 0000, Address Register. 

2. Write Address Register to 0x02. 

3. Set RS3-RS0 « 10 10 (Extended Address 
Register). 

4. Read or Write Command Register 3. 

Table 16 shows the indirect addressing mapping for 
each extended register. 



"Ml 



AddrtM R«gist«r ValiM 


ExtmcM Rtgisttf Nam« 


0x00 


Scaais Register 1 (read only) 


0x01 


Status Register 2 (read/wnte) 


oxo: 


Command Register 3 


Ox.? 


Command Register 4 


0x04-0x05 


Video Window XSTART— Uw and High 


0x06-0x07 


Video Window YSTART— Low and High 


0x08-0x09 


Video Window XWIDTH— Low and High 


OxOA-OxOB 


Video Window YHEIGHT— Uw and High 


Ox r-OxOD 


Reserved 


f £-OxOF 


Reserved 


0x10-0x11 


ESCALEtNTT -Low and High 


0x12-0x13 


XSCALEINC-Uw and High 


0x14-0x15 


Reserved 


0x16-0x17 


Reserved 


0x18-0x19 


Serial Clock Enable Start (Hofizomal)--Low and High 


OxlA-OxlB 


Serial Clock Enable Duration (HonxomaJV— Low and High 


OxlC-OxtD 


Reserved 


OxlE-OxIF 


Reserved 


0x20 


DrvCUCIRate 


0x21 


D!V(XK2Rate 


0x22 


Reserved 


0x23-0x25 


Color Mask (Ordering « RGB) 


0x26 


Reserved 


0x27-0x29 


Color Key (Ordering « RGB) 


0x2a-0x2O 


Reserved 


0x2E 


VideoCache"^ RFO Size 


0x2F-0xFF 


Reserved 



TMbl0 16, Extended Registers Addrese Map (RSS^SO s 1010). 
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Internar Registers (continued) 

Command Register 3 

This register may be wrinen to or read by the MPU it any time. CR3.0 corresponds to data bus bit DO. the least sig- 
nificant data bit. All command register bits are set to logical zero upon asserting a low signal on the RESET* pin. 



CR3J7 



CR3.6 



CR35 



CR3,4 



1 



CR3.2 



CR3.I. 
CR3_0 



MODEO Input/Output Select 

(0) MODEO Input 

(1) MODEO Output 

Enable InterDal Load Dock 

(0) U$eGLCLK 

(1) Use Internal DrvCLK2 



DIVCLK2 Select 

(0) DIVCLK2 Enabled 

(1) DIVCLK2 Disabled 

ECL Cock Select 

(0) TTL Level Dock Selected 

(1 ) Differential ECL Level Dock Selected 



2x Gock Multiplier Selea 

(0) 2x Cock Multiplier Disabled 

(1 ) 2x Cock Multiplier Enabled 



DIVCLKl Select 

(0) DIVCLKl Enabled 

(1) DIVCLKl Disabled 



MSBs for ]0*Bit Address Counter 

CR3J«A9 

CR3^0«A8 



This bit determines if the MODEO pin is configured 
as an input or an output. 



In applications where an external load clock is not 
provided, setting CR3^6 » I allows the internal 
DIVCLKZ determined by the DIVCLK2 Register 
values, to internally sample the graphics input pix- 
els, blanking, horizontal, and vertical sync inputs. 
Setting CR3.6 « 0 causes Bt885 to sample these 
inputs on the basis of GLCLK pin. 

A logical zero must be written to this bit to enable 
the graphics divide-down clock, DIVCLK2. to be 
output A logical one written to this bit three-states 
the DIVCLK2 output. 

A logical one written to this bit enables the difFcren* 
ttal ECL clock input buffer using OSC and OSC* as 
inputs. A logical zero written to this bit disables the 
ECL clock buffer and allows OSC. GLCLK. or the 
2x clock multiplier to directly drive the logic. If a 
logical one is written to this bit then die clock mul- 
tiplier and TTL clock selections are overridden. If 
CR3.4 m I, then bit CR3.3 must be set to zero. 

This bit enables or disables the 2x clock multiplier. 
A logical one written to this bit enables the onboard 
2x TTL clock multiplier for high-speed operations. 
A logical zero written to this bit will disable the 
clock multiplier and will allow the external clock 
source to directly drive the logic. If CR3> m u then 
this bit must be set to zero. 

A logical zero must be written to this bit to enable 
the video divide-down clock. DIVCLKL to be out- 
put A logical one written to (his bit three-states the 
DIVCLKl ouQHit If DIVCLKl Select is set to one. 
then the SEN output pin is three-stated as well. 

CR3«1 and CR3.0 art 2 MSBs of the lO-bit cursor 
address counter. To set this counter to access a par- 
ticttUr location in the 64 a 64 x 2 cursor RAM array, 
these 2 bits must be written to Command Register 3 
before the lower 8 bits are written to the address 
counter through the MPU port As the 10-bit 
address counter autoincrements, the new values of 
this register can bt read back through CR3 1 and 
CR3.0. 
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Internal Registers (continued) 
Command Register 4 

This register may be wrinen to or read by Che MPU at any cime and is not initialized at power^up. CR4.0 corresponds 
to data bus bit DO. the least significant dau bit. All command register bits are set to logical zero upon asserting a lov^ 
signal on the RESET* pin. 



CR4.7 Video Cacbe'»- FIFO Reset 

(0) Nonnal Operation 

(1 ) reset VideoCache^ FIFO 

Q14.6 Color Key Override 

(0) Normal Color Key Operation 

( 1 ) Video Window Override 

CR4.5 Set MODEO Sate (CR3.7 - 0) 

(0) MODEO Pin LovM 

(1) MODEO Pin High 

Get MODEO State (CR3.7 ■ 0) 

(0) MODEO Pin Externally Driven Low 

(1) MODEO Pin Externally Driven High 



CR4,4 24-Bit Video Component Order 

(0) Before Palette 

(1) After Palene 



CR4_3 Color Key Mode Select 

(0) Before Palette 

(1) After Palette 



CR4^: Video Cache'« Unload Select 

(0) Unload Within Video Window 

( 1 ) Unload From Stan of Active Graphic 
Enable 

CR4. 1 , 24*Bit Graphics Component Order 
CR4.0 (00) RGB 

(ODBRG 

(10) BGR 

(11) Reserved 



A logical zero wrinen to this bit enables normal 
VideoCache^ FIFO operation. A logical one writ- 
ten to tfiis bit resets the VideoCache'^ FIFO after 
four video load clocks. 

A logical zero written to this bit, enables standard 
color key operation. A logical one wrinen to this bit 
enables video based only on the video window. 

When CR3.7 « I, this bit controls the state of the 
MODEO output. A logical one wrinen to this bit seu 
the MODEO pin to high. A logical zero wrinen to 
this bit sets the MODEO pin low. 

When CR3.7 m 0, this bit indicates the sute of the 
MODEO input. A logical one read from this btt indi- 
cates that the MODEO pin is driven high. A logical 
one read from this bit indicates that the MODEO pin 
is driven high. A logical zero read from this bit indi* 
cates that the MODEO pin is driven low. 

A logical one written to this bit enables the differen- 
tia] ECL clock input buffer using OSC and OSC* as 
inputs. A logical zero written to this bit disables the 
ECL clock buffer and allows OSC. GLCLK. or the 
2x clock multiplier to direaly drive the logic. If a 
logical one is wrinen to this bit then the clock mul- 
tiplier and TTL clock selections are overridden. If 
• I. then bit CR2J3 must be set to zero. 

This bit controls whether color key matching occurs 
on the pixel value before or after the palette. A logi- 
cal zero written to this bit selects color key nutch- 
ing on the pixel value before the palene. A logical 
one wrinen to this bit selects color key matching on 
the 24.bit RGB value after the palene. 

This bit controls whether VideoCache^ FIFO dau 
is unloaded only within the video window or at all 
times during active graphics enable. 



This bit controls the component latching order in 
24-bit*per*pixeI graphic modes. If any other graph- 
ics mode u selected, these biu must be set to logical 
zero. 
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Internal Registers (continued) 
Pixel Read Mask Register 

The ft'bit pixel read mask register may be wnoen to or read by the MPU at any time, and is initialized to OxFF at 
power-up. DO is the least significant bit The contenu of this register are bit-wise ANDed with the pixel data prior to 
addressing the color paJeae RAM. 

Status Registers 1 and 2 

These two S-bit statttf registers are provided for device identification and to monitor certain device states. They may 
be read by the MPU at any time. MPU write cycles to sums register 1 are ignored. DO is the least significant bit cor* 
responding to SKI J} or SR2.C. These registen are not reset dtinng power-up/reset. 



These bits are idendfication values; SRI. 7 b i and 
SRl.6-0. 

These bits are revision values; SRIJ « 1 and SR1«4 m 0. 



This ts the SENSE* bit. If it is a logical zero, one or more of 
the lOK I0& and lOB outputs have exceeded tbt interna] 
voltage reference level (335 mV). This bit is used to deter- 
mine the presence of a CRT monitor and« with diagnostic 
code, the difference between a loaded or unloaded RGB line 
can be discerned The 360 mV reference has a ±100 mV toler- 
ance when an extemid voltage reference equal to 1^5 V is 
used. A greater tolerance is expected when an internal refer- 
ence equal to 1.2 V is used. 

This bit provides RD/WR status when Address Register 0x00, 
0x03, 0x04, or 0x07 has been wricicn. When Address Register 
0x00 or 0x04 has been written* the device is in the write mode 
and this bit is a logical zero. When address register 0x03 or 
0x07 has been written, the device is in the read mode and this 
bit is « logical one. 

When read, these bits reflect the color component address for 
the next RD/WR cycle when accessing the palette, cursor 
color registers, or overscan register. 



Reading this bit as a one indicates that VideoCache^ FIFO 
underflow occurred. Reset by writing any value to Status 
Register 2. 

SR2.6-^ Reserved These bits will always be read as zero. 



SR 1 .7. Chip Identification 

SRL6 

SRI ^5. Chip Revision 

SR1.4 

SRL3 Monitor Sense 



i 



SR1.2 Read/Write Access Status 

^^ (0) Write Cycle 

13?: (1) Read Cycle 



IS ' Component Counter 

SR 1-0 (00) Red Color Component 

(01 ) Green Color Component 
(10) Blue Color Component 



SR2_7 Video C«che« FIFO Undetflow 
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Internal Registers (continued) 



Video Window XSTART ' 

Video Window XSTART is a 12-bit register that stores 
the sianmg X position on the screen for a video 
window. A value of icro indicate- that the video 
window begins in the first (leftmc-o pixel of each 
horizontal scan line. 



Video Window YSTART 

Video Window YSTART u a 12-bit register that stores 
the starung Y position on jthe screen for a video 
window. A value of aero indicates that the video 
window begins on the first active graphics scan line. 

Video Window XWIDTH 

Video Window XWIDTH is a 12-bit register that stores 
the number of pixels per scan line within the video win- 
dow. A value of aero indicates that no pixels are in the 
^ video window. 

|| Video Window YHEIGHT 

g Video Window YHEIGHT is a 12-bit register that 
1^ stores the number of scan lines within the video 
;p window. A value of rero indicates that no scan Unes are 
rjl within the video window. 

LxSCALEiNfT (Low and High) 

HXSCALEINTT are 12-bit registers that store the initial 
IgterTn for the r nzontal scaler. 

^SCALEiNC (Low end High) 

^fiXSCALEINC are 12-bit registers that store the 
mcrement term for the horizontal scaler. 



Seriai Clocic Enable Start 
(Horizontai) 

Serial clock enable stan (horizontal and vertical) are 
12-bii regisien that store the number of scan hnes and 
Dr\'CLKl cycles before enabling the external clock 
gate, starting at the leading edge of HSYNC* for the 
honzontal direction and the leading edge of the 
internally generated VSYNC* for the vertical direction. 

Serial Clock Enable Duration 
(Horizontal) 

Serial clock enable duration (horizontal and vertical) 
are 12-bit registers that store the number of serial shift 
clock cycles to be generated per scan line in units of 
DIVCLKl cycles for the horizontal direction, and in 
units of scan lines for the vertical direction. 

DIVCLKl and DIVCLK2 Rate 

DIVCLKl and DIVCLK2 rate are two 3-bit registers 
that control the divide rate of the free-runnine 
DIVCLKl and DIVCLK2 divide-down clocks, 
respectively. The divide-down ratios need not be the 
same as the input mux rate: 

((X)0).1:1 
(001)-2:1 

(010) . 4:1 

(011) -8:I 

(100-111) -Reserved 

VideoCache™ FIFO Size 

This register indicates the length of the VidcoCache^ 
FIFO buffer in 16-byte units. This is a read-only 
register. 
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Internal Registers (continued) 

Cursor (x,y) Registers 

These registers are used to specify the (x.y) coordinate 
of the 64 X 64 X 2 hardware cursor. The cunor (x) 
register is made up of the cursor (x) low register 
(CXLR) and the cursor (x) high register (CXHR); the 
cursor (y) register is tnade up of the cursor (y) low 
register (CYLR) and the cursor (y) high register 
(CYHR). The last value written by the MPU to these 
registen is the value returned on a read. These registen 
may be written to or read by the MPU at any time. 

CXLR and CXHR are cascaded to form a 12-bit 
cursor (x) register. Similarly, CYLR and CYHR are 
cascaded to form a 12*bit cursor (y) register. Bits D4- 
07 of CXHR and CYHR are ignored and should be 
written as zeros. 

The cursor (x) value to be written is calculated as 
follows: 

Xp « desired display screen (x) position + 64 

ft where the (x) reference point for the display screen, x « 
.5 0, is the upper left comer of the screen. The Xp position 
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equation places the upper lefthand comer of the cursor 
RAM array to the desired screen location. This allows 
the cursor position to be defined in the same coordinate 
space as the screen. 

Values from 0 to 4095 may be wrinen into the cursor 
(x) register. If Xp is equal to zero, the cursor will be 
entirely offscreen. 

The cursor (y) value to be wrinen is calculated as 
follows: 

Yp m desired display screen (y) position * 64 

where the (y ) reference point for the display screen, y « 
0, is die upper left corner of the screen. The Yp position 
equation places the upper left comer of the cursor RAM 
amy to the desired screen location. This allows the 
cursor position to be defined in the same coordinate 
space as the screen. 

Values from 0 to 4095 may be written into the cursor 
(y) register. If Yp is equal to zero, the cursor will be 
entirely offscreen <$ee Cursor Operation in the Circuit 
Description section. 

Register Values on reset are given in Table 17. 





Cursor (X) High 
(CXHR) 


Cursor (x) tow 
(CXUR) 


Data Bit 


D3 


D2 Dl 


DO 


D7 


D6 


D5 


D4 D3 D2 


Dl 


DO 


X AddfMs 


xn 


XIO X9 


X8 


X7 


X6 


X3 


X4 X3 X2 


XI 


XO 






















I. 


CurMr(y)H!gh 
<CYHR) 


Curaor (y) tow 
(CYtR) 


Data Bit 


D3 


D2 D! 


DO 


D7 


D6 


D5 


D4 D3 D2 


Dt 


DO 


YAddfMa 


Yll 


YIO Y9 


Y8 


Y7 


Y6 


Y3 


Y4 Y3 Y2 


Yl 


YO 
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Internal Registers j^'tinued) 



Regttttr N«me 


RMtt Value 


Comnond Register 0 


0 


Command Register 1 


0 


Command Register 2 


0 


Command Register 3 


0 


Command Register 4 


0 


Video Window XSTART— Uw and High 


Not Initialized 


Video Window YSTART— Low and High 


Not Initialized 


Video Window XWlDTH-^w and High 


Not Initialized 


Video Window YHQGKT-*Low and High 


Not Initialized 


XSCALEINIT -Uw and High 


Not Imtialized 


XSr 4XEINC-L0W and High 


Not Initialized 


Se: .«! Clock Enable Stan (Honzontal)— Low and High 


Not Initialized 


Serial Oock Enable Duration (Horizoocai>-*Low and High 


Not Initialized 


Serial Clock Enable Start (VerttcalV- Low and High 


Not Initialized 


Serial Ctock Enable Dunuon (Venical)— l«w and High 


Not Initialized 


DrvCLKI Ratt 


0 


DrvCLK2Rate 


0 


Color Mask 


0 


Color Key 


0 


FIFO Size 


0x32 


Color Palette RAM 


Not Initialized 


Pixel Read Mask 


OxFF 


Cursor Colors 


Not Initialized 


Overscan Color 


Not Initialized 


OnsorXY 


Not Initialized 


Cursor RAM Array 


Not Initialized 
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Pin Namt 



i/0 



Pin* 



Description 

Reset input (TTL compatibie). When this signal is tow. aii the command register 
bits are tnitialtzed to zero and the device is in VGA mode- 
Composite blank control input (TTL compatible). A logical zero dnves the ana- 
k>g outputs to the blanking level as specified in Hgure S and Figure 6. Ii is 
latched on the rising edge of GLCLK. When BLANK* is a k>gicaJ zero, the pixel 
inpuu tre ignored. 

Composite display enable conoot input (TTL compatible). The state of this signal 
and BLANK* determines whether the analog outputs are blanked or contain cur- 
sor color, pixel or overscan dau. This signal is latched on the nsing edge of 
GLCLK. If overscanning is not used, this pin should be tied to BLANK*. The 
following cable Usu the combinations of ENABLE and BLANK*: 



RESET* 
BLANK- 



ENABLE 
(Composite Dis- 
play Enable) 



72 



96 



3-" 



ODD/EVEN* 



II 



osc.osc* 



DIVCLKI 



DIVCLK2 



nro RESET* 



95 



13L la: 



127 



128 



14 



ENABLE 


BLANK* 


Op«ritlon 


X 


0 


Video Blanking 


0 


1 


Overscan Data 


I 


I 


Cursor Color or Fuel Dau 



Odd/even field input (TTL compatible). This signtf should be changed only dur- 
ing vertical blank. This input is used to ensure proper operation of the onboard 
cursor when interlaced operation (command bit CR2.3 « 1 ) ts selected. When 
this signal is a logical zero, an even field is specified. When this signal is a logieaJ 
one. an odd field is specified. This input is ignored if noninterlaced operation 
(command bit CR2.3 « 0) is selected. 

Pixel clock input (ECUTTL compatible). This input is an £CL<ompatible input 
but a TTL clock may be used on either OSC or OSC* if selected by CR3.4 in 
Command Register 1 (CR3«4«0). It is recommended that all clock inpuu be 
driven by a dedicated buffer to avoid reflection-induced jitter. In 1 : 1 mode DIV- 
cue • OSC or DIVCLK • OSC*. 

Frame buffer sbtfi dock output (TTl. compatible). The signal on this pin is equal 
10 Che selected pixel clock divided by 4« Z or U depending on the selection in 
the DIVCLKI rate register. This output has low drive capability. DIVCLKI and 
0IVCLK2 are opposite phases. 

Frame buffer shift clock output (TTL compatible). The signal on this pin is equal 
to the selected pixel clock divided by 8, 4. 1 or K depending on the selection in 
the D1VCLK2 rate register. This output has low drive capability. DIVCLKI and 
DIVCLK2 Cfc opposite phases. 

A high vihie applied to this pin enables normal VideoCache^ FIFO operation. 
Although FIFO RESET* is level sensitive, a transition from high to low on this 
pin and should be kept low for at least two VLCLKs in order for the Video* 
Cache'** FIFO to be pw^ly reset. 
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Pin D scription (continued) 





I/O 


Pin M 




CLCLK 


I 


13 


Graphics pon input load clock (TTL compatible wtch hysteresis). The nsing edge 
of this signal bichcs P7:0 (A-D), BLANK', ENABLE HSYNC'. and 
VSYNC. 


t 


I 


13 


Video pon irt^ tt load clock {TTLcompauble with hysteresis). The nsing edge of 
this signal laicnes P7:0 (E-H). 


j ro(A.K) 


1 


See Pin 
Diagnm 


Pixel port inputs fTTL compatible). This pon can be used in various modes, as 
shown in Tables 1 0 and U . for video and or graphics input. 




f 

1 


i< 


viaco pon inpui piACi oau voiiu iignu 1 1 iwconipauuic). 


READY 


0 




Video pon input pixel dau ready signal (TTL compatible, low drive). This signal 
can be synchronously sampled using the rising edge of VLCLK. This signal 
CTMtiyw uni/ ivtiQwixi^ 1 n«iiig cage %n * ^^^w^ 


HFULL 


0 


11 


VideoCache^ FIFO half-full or greater signal. CTTL compatible, low drive). 


SEN 


0 


126 


DfVCLKl gating control signal (TTL compatible, low drive). It may be used to 
externally gate the DIVCLKl output to generate a gated version of DIVCLKl. 
This signal changes only during Dt VCLK 1 kiw duration. The start time and 
duration of the pulse trun may be programtned relative to the leading edge of D 
HSYNC" and internally generated VSYNC. 


VRESET- 


0 


2 


Venical reset signal (TTL compatible, low drive). This signal is generated to 
allow the asynchronous video data to know the start of each frame. This signal is 
synchronous to VLG.K. 


MODEO 


vo 


91 


Cenerai purpose registered input/output (TTL compatible) set or read using 
CRO. Selection of input or output is made using CR3.7. Must be tied high with 
a iv K puuup resistor. 


M0DE1.M0DE3 


vo 


29, 17. 19 


Reserved for future expansion. Must be tied high with a 10 K pullup resistor. 


s 


I 


73 


Write control input (TTL compatible with hysteresis). D0-D7 data is latched on 
the rising edge of WR*. and RS0-RS3 are latched on the falling edge of WR* 
during MPU write operatvons. RD* and WR* should not be asserted simulu- 
neously. 


] RD- 


! 




Read control input (TTL compatible with hysteresis). To read dau from the 
device, RD* must be a logical zero. RS0-RS3 are latched on the falling edge of 
RO* during MPU read operations. RD* and WR* should not be asserted simulta- 
neously. 


RS0-RS3 


] 


75-78 


Register tfilect tfiButs ff'I L comioiihle^ RSfV^S? cMrifv the tvne df nead at 

write operaoon being performed, as specified in Table 1 and Table 2. 


D0-D7 


VO 


83^ 


Dau bus (TTL compatible), dau is transferred into and out of the device over this 
8-Bit bidirectioaal dau bus. DO is die least significant btL 


SENSE- 


0 


71 


Comparator sense output fCMOS compatible). lUs ptn will be low if one or 
more of the IOR« lOG. and lOB an^g output levels is above the internal com- 
paruor reference of 350 mV ± SO m V. 


IOR.J0G.10B 


A,0 


S5.S8.6I 


Red« green, and blue current outputt. These high-impedance current sources can 
directly drive a doubly terminated 75 Q coaxial cable (see the PC Board Layout 
Considerations section for further informauon). J 
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Pin N«m« 



I/O 



Otseriptlon 



C/HSYNf 
VSYNC» 



HSYNCOUT*. 
VSYNCOUT- 

FSADJUST 



I 

O 



97 
99 

48,49 

52 



VREFOUT 



VREHN 



A,0 



A. I 



68 



67 



COMP 



VAA 



GND 



A,0 

A,P 

G 



64 



See Pin 
Diagram 

See Pin 
Oitgram 



Kohzonul or composite sync control input (TTL compatible). 

Vcnical tytvc control input (TTL comptcible). This signal ts pipelined to VSYN*. 
COUT*. 

Pipeline delayed hoHzomal and venicai sync control signals. 



Futl-scale adjust control. The IRE felacionships in Ftgure 5 and Figure 6 are 
maintttned. regardless of (he full*scate output currem. 

When an external or the iruemal votuge reference is used (see Figure 7 and 
Bgure 8 in the PC Board Layout Cocuiderations section), a resistor (RSED con- 
nected between this pin and GND controls the magnitude of the fulUscalc video 
signal. The relationship between RSET and the full-scale output currem on each 
output is: 

RSET (Q) • K • 1.000 • VREF (V) / loot (mA) 

K is defined in the table below, h is recommended that a 147 O RSET resistor be 
used for doubly terminated 75 Q loads (i.e., RS*343A applications). 





SyneEnabM 


Sync Oitoblod 


S«tup 


OIRE 


7.8 IRE 


OIRE 


7 J IRE 


K(Mlt) 


Z888 


3,055 


1043 


1207 


K(6-btt) 


3.000 


3.170 


1100 


2.260 



K values are subject to change upon completion of characterize 

Voltage reference output This output provides a 1 .2 V (typical) reference and 
may be connected directly to the VR^IN pin. If the on<htp reference is not 
used, this pin may be left floating. See Figure 7 and Figure 8. 

V»lttge reference input. If an external voltage reference is used (Bgure 8). it 
must supply this input with a 1.2 V (typical) reference. A 0.1 |if ceramic 
capacitor most be used to decouple this input lo OKD. as shown in Figure 7 and 
Figure 8. The decoupling capacitor must be as close to the device as possible to 
keep iead kngths to an absolute minimum. When the tntemal reference is used, 
this pin should not drive any external circuitry, other than the decoupling 
capacitor (Figure 7). 

(Compensation pin. A 0.1 uF ceramic capacitor must be used to bypass this pin to 
the nearest VAA pin. The COMP capacitor must be as close as possible to the 
devia to keep lead lengths to an absolute minimum. The compensation capacitor 
must be connected with shon wide traces. 

Analog power. AU VAA pins must be cormected to the same analog power plane. 



Anakig ground. All GND pins must be connected to the ume common ground 
plane. 
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1 1 1 1 { { c { e ( 2 ! I £ t 2 s ! II y n li 1 1 X I S a 8 fi i E s 



1=1 



14 



'III. 



2 a a a 



] ONO 

3 M 

D « 

3 
3 
3 

3 «er 

3 ^ 

3 nftrr 



3 VM 

3 www* 
3 v«* 

3 WW 



tressststffKfiCfixxx&xcKsviixitiiKRaf 



uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu 
Nifte: AU pins mariced NC arc fcserved for future expansion and MUSTbt left floating. 



3 VM 

3 «• 

3 •*> 
3 M 
3 « 



3 « 

3 ONO 

3 

] fucjurr 

3 VAA 
■0 3 VM 

3 vtwcour 



«»3 OMO 
••3 « 
««3 

«« 3 **c 
«t3 

43 NC 

4t3 «e 
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PC Board Layout Considerations 
PC Board Considerations 

The layout should be optimized for lowest noise on the 
Bt885 power &nd ground planes by providing good 
decoupling. The trace length between groups of VAA 
and GND pins should be as shon as possible to 
minimize inductive ringing. 

A weU-designed power distribution network is 
critical , to eliminating digital switching noise. The 
ground plane must provide a iow-impedance return 
path for the digital circuits. A PC board with a 
minimum of four layers is recommended, with layers 1 
(top) and 4 (bottom) for signals and layers 2 and 3 for 
ground and power. 

Component Placement 

Components should be placed as close as possible to 
j;^^ the associated CachcDAC*^ pin. Whenever possible, 
^ components should be placed so traces can be 
^iJ connected point to point. 

The optimum layout enables the 6t885 to be located 
S J~ as close as possible to the power supply connector and 
z-j^ the video output connector. 

M Ground Planes 

For optimum performance, a common digital and 
. analog ground plane is highly recommended. 

fSj Power Planes 

:iy Separate digiul and analog power planes are 
MJi recommended. The digital power plane should provide 
power to all digital logic on the PC board, and the 
analog power plane should provide power to all Bt885 
power pins, VREF circuia>, and COMR There should 
be at least a l/8*inch gap between the digital power 
plane and the analog power plane* 

The analog power plane should be connected to the 
digital power plane (VCC) at a tingle point through a 
feihte bead, as illustnted in Figure 7 and Figure 8. This 
bead should be located widiin 3 inches of the Bt885. 
The bead provides resistance to switching currents, 
acting as a resistance at high frequencies. A low- 
resistance bead should be used, such as Ferroxcube 
5659065-3B. TDK HF30ACB32I6nT or TDK 
BF45^1. 



Device Decoupling 

For optimum performance^ all capacitors should be 
located as close as possible to the device, and the 
shortest possible leads (consistent with reliable 
opention) should be used to reduce the lead 
inductance. Chip c^>acitor« are recommended for 
minimum lead inductance. Radial lead ceramic 
capacitors may be substituted for chip c^acitors and 
are better than axial lead capacitors for self*resonance. 
Values are chosen to have self-resonance above the 
pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is 
obtained with a 0.1 fiF ceramic ci^itor in parallel 
with a 0.01 mF chip capacitor decoupling each group of 
VAA pins to G2^. The capacitors should be placed as 
close as possible to the device VAA and GND pins and 
connected with sboa wide traces. 

The 10 isF capacitor shown in Figure 7 and Figure 8 
is for low-frequency power supply ripple; the O.l mF 
capacitors are for high-frequency power supply noise 
rejection. 

COMP Decoupling 

The COMP pin must be decoupled to VAA, typically 
with a 0.1 yJr ceramic capacitor and optioival 15 Q 
resistor Low.frequency supply noise will require a 
larger value. The COMP capacitor must be as close as 
possible to die COMP and VAA pins. A surface-mourn 
ceramic chip capacitor is preferred for minimal lead 
inductance. Lead inductance degrades the noise 
rejection of the drcust Short wide traces will also 
reduce lead inductance. 

If the display has a ghosting problem* additional 
capacitance an parallel widi the COMP capacitor may 
help. 

VREF Decoupling 

A 0.1 mF ceramic capacitor should be used to decouple 
this input to GND. 
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PC Board Layout Considerations (continued) 



Digital Signal Interconnect 

The digiul inputs to the Bt885 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog power plane or analog ouq)ut 
signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rates Oess than 3 ns), 
overshoot, undershoot, and ringing on the digital 

inputs. 

The digital edge rates should not be faster than 
necessary, as feedthrough noise is proportional to the 
digital edge rates. Lower-speed plications will 
benefit from using lower-speed logic (3-5 ns edge 
rates) to reduce data-related noise on the analog 
outputs. 

Transmission lines will mismatch if the lines do not 
match the source and destination impedance. This will 
degrade signal fidelity if the line length reflection time 
l^ is greater than one-fourth the signal edge time (refer to 
Brookirce Application Notes AN-U and AN-12). Line 
rt^ termination or line*length reduction is the solution. For 
^ example, logic edge rates of 2 ns require line lengths of 
5| less than 4 inches without use of termination. Ringing 
•ft, may be reduced by damping the line with a scries 
?:|! resistor (30-300 Q). The RS-select inputs and RD*/ 
M WR* lines must be verified for proper levels with no 
^ ringing, undershoot or ovenhoot. Ringing on these 
lines can cause improper operation. 

Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
M digiul edge rates (rise/fall time), minimizing ringing 
'gj with damping resistors, and minimizing coupling 
• through PC board capacitance by routing the digital 

signals at a 90 degree angle to any analog signals. 
I jy The clock driver and all other digital devices must 
gjl be adequately decoupled to prevent noise generated by 
T|;;^the digital devices from coupling into the analog 
" circuitry. 

TTL Clock Interfacing 

The Bt885 requires a pixel clock with monotonic clock 
edges for proper operation. Impedance mismatch on the 
pixel clock line will induce reflections on the pixel 
clock, which nuy cause erratic operation. 

The Pixel Qock Pulse Width High Time and Pixel 
Clock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be 
violated, or errauc operauon can occur. 



The pixel clock line must be lermmated to prevent 
impedance mismatch. A series lenninaiion of 33-68 Q 
placed at the pixel clock dnver may be used, or a 
parallel terminauon may be used at the pixel clock 
input to the CacheDAC^. A parallel termination of 
220 12 to VCC and 330 ^ to ground will provide a 
Thevenin equivalent of a 110 £2 termination, which is 
normally sufficient to absorb reflections. The series or 
parallel resistor values should be adjusted to provide 
the optimum clock signal fidelity. 

Differential Clocic Interfacing 

Termination requirements for differential ECL clock 
sources will vary depending on the particular clock 
generator used. 

MPU Control Signal Interfacing 

The Bt885 uses the RD», WR*. md RS lines to 
determine which MPU accesses will take place. 
Glitches or ringing on any of these lines may cause 
improper MPU operation. When a VGA controller with 
edge rate control, is used on these lines, a series 
termination is not necessary. In non-VGA controller 
^)plication or in applications where the MPU control 
signals are daisy chained, a series termination, pull- 
down resistors^ or additional capacitance to ground 
should be used to prevent glitches that could cause 
improper MPU accesses. 

Analog Signal Interconnect 

The Bt885 should be located as close as possible to the 
output connectors to minimize noise pickup and 
reflections caused by impedance mismatch. 

The analog outputs are susceptible to crosstalk from 
digital lines; digital traces must not be routed under or 
adjacent to the analog output traces. 

To maximize the high-frequency power supply 
rejection, the video output signals should not overiay 
th« analog power plane. 

For maximum performance, the analog video output 
impedance, cable impedance, and toad impedance 
should be the same. The toad resistor connection 
between the video outputs and GND should be as close 
as possible to the Bt885 to minimize reflections. 
Unused analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT 
monitor bandwidth can be r^ected. producing cable- 
length dependent ghosts. Simple pulse filters can 
reduce high-frequency energy, reducing EMI and noise. 
The filter impedance must match the line impedance. 
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PC Board Layout Considerations (continued) 



ArtMlog Output Protection 

The Bt885 tn&log output should be protected against 
hif h*energy discharges, such as those from monitor 
arc -over or from hot^switching AC<oupled monitors. < 
The diode protection circuit shown in Figure 7 and 
Figure 8 can prevent latchup under severe discharge 
conditions without adversely degrading analog 



transition times. The 1N4U8/9 parts are low- 
capacitance, tet*switching diodes, which are aJso 
available in multiple-device pacicages (FSA250X or 
FSA270X) or surface-mounublc pairs (BAV99 or 
MMBD700I). 




OND 



Location 


DMcrlptton 


VtndorPtrt Numb«r 


Cl-CU 


0.1 Ceramic Capacitor 


E(ieRPEU2ZSUl04M50V 


C22 


to itF Capacitor 


MaUoryCSR13C]06KM 


U 


FerriteBead 


TDK HF3QAC&3216nT 




75 £2 1% Metal Rim Resistor 


OaieCMF.55C 


R4 


15 01% Metal Film Resistor 


DaleCMF.55C 


RSET 


1% Metal Ftlm Resistor 


DaleCMF-SSC 



Flgun7. Typicel Connection Dlsgnm end Peru Utt 
(Intemel Voitege Reference), 
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♦ 8V fVCC) 




© 



OAC Output 



TM414t/9 



ONO 



Location 



Description 



Vondor Part Numbtr 



CI-C12 


0.1 ^FCerumc Capacitor 


£heRP£n2Z5UI04M50V 


C22 


10 uF Capacitor 


MaIlofyCSRI3GI06KM 


LI 


FerhteRead 


TDK HF30ACB3216nT 


RMaR3 


7501% Metal Film Resistor 


DaleCMF.55C 


R4 


1 KD 5% Metal Film Resistor 


DaleCMF-55C 


R5 


15 Q 1% Metal Film Resistor 


DalcCMF-55C 


RSET 


1% Metal Rim Resistor 


DaleCMF-55C 


Zl 


U VVoltage Reference 


National Semiconductor LM385BZ-1.2 



FigunB. Typical Coimte^on Diagram and PartM Utt 
(Ex^mal Voltaga Rafaranea). 
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PC Board Layout Considerations (continued) 



Using Multiple Devices 

When muitiple Bt885$ are used, each BtSSS should 
have its own power plane and ferhte bead. If the 
internal reference is used, each BtB85 should use its 
own iniemaJ reference. 

Although the multiple 6tS85s may be driven by a 
common external voltage/current reference, higher 
performance may be obtained if each CacheDAC^ 
uses its own reference. This will reduce the amount of 
color channel crosstalk and color palette interaction. 

Each Bt885 must still have its own RSET resistor, 
analog output termination resistors, power supply 
bypass capacitors, COMP capacitor, and reference 
capacitors. 

ESD and l^tchup Considentions 

Correct BSD-sensitive handling procedures are 
required to prevent device damage, which can produce 

'^ka symptoms of catastrophic failure or erratic device 

!B5 behavior with leaky inputs. 



All logic inputs should be held low until power to 
the device has settled to the specified tolerance. DAC 
power decoupling networks with large time constants 
should be avoided. They could delay VAA power to the 
device. Ferrite beads must be used only for analog 
power VAA decoupling. Inductors and regulators cause 
a time coiuunt delay that induces latchup. 

Latchup can be prevented by ensuring that all VAA 
and GND pins are at the same potential and that the 
VAA supply voluge is applied before the signal p\n 
voluges. The correct powern^ sequetice ensures that 
any signal pin voltage will oever exceed the power 
supply voltage by more than ^ 0.5 V, 

Sleep Opentlon 

When the internal or external voltage reference is used, 
the DACs will be turned off during sleep mode. 

When an external voltage reference is used, some 
internal circuitry will still be powered during the sleep 
mode. This unnecessary current drain can be disabled 
by turning off the external voluge reference during 
power-down mode. 
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Recommended Operating Conditions 



Panmtttr 


Symbol 


Mln 


Typ 


Max 


UntU 


Power Supply 


VAA 


4.75 


5.00 


5.25 


V 


Ambient Operating Tempenmre 


TA 


0 




-70 


•c 


Output Load 


RL 




37.5 




a 


Voluge Reference Configuration 
Reference Voluge j 


VREF 


i.ni2 


1^5 


1J59 


V 



Absolute IVIaximum Ratings 



Partm«t«r 


Symbol 


Min 


Typ 


Max 


Units 


VAA (Measured to GND) 








7,0 


V 


Voluge on A-iy Signal Pin (Now 1) 




CND-0.5 




VAA ♦ 0.5 


V 


Analog Ouir..i Short Circuit 
Duration to Any Power Supply 
or Common 


ISC 




Indefmite 






Storage Temperature 


TS 


-65 




♦150 


•c 


Juncuon Temperature 


TJ 






♦150 


•c 


Vapor Phase Soldering 
(I Mmuiei 


TVSOL 






220 


•c 



AawHnein«]nHiinKann{> may cause pennineiH danage to (he device. This is a stRu ratine 

only, and funcuoMi operanon of d>e device at ihese or any other co^^ 



this 



specification is not implied. Expomre to absolute maximum rating conditions for extended periods may affea device reliability, 

Note I This device employs hifb-lmpedance CMOS devices on all signal pirn. It should be handled as an ESD-scnsitive device 
Voluge on any signal pin chat exceeds the power supply voluge by more than ♦ 0.5 V can cause destructive Utchup. 
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P«r»mtt«f 

Resolution (Each DAC) 
Accuracy (Each DAC) 
Integral Linearity Error 
DiffereatuJ Linearity Ern>r 
Cray-ScaJe Error 
Monocontctty 
Coding 

I>igiul Inputs 
Input High Voluge 
Input Low Voltage 

Input High Current (Vin « 2.4 V) f**/- 
Inpui Low Current (Vin « 0.4 V) 
Input Capacitance 

(V«IMHi,Vin«2.4 V) 
Hysteresis 

OSC/OSC ECL 
DifTcrentiai Inpuu 
Input High Voluge 
Input Low Voluge 

Digiut Outputs 
Output High Vbluge / 

(IOH»-400^A)'/ 
Output Low Vbltagc / 

rtOL« 3.2 mA) 
Thrce-Sutc Current 
Output Capacitance 
Load Capacitance 



Symbol 



OL 



Min 
8 



VIH 
OH 

nL 
as 



AVin 
VIH 
VIL 



VOH 

VOL 

102 
CDOUT 
CL 



Typ 

8 



Guaranteed 



2.0 
CND-0.3 



0.3 



0.6 
VCC-IJ 
VCC-2 



.2> 



Max 

8 

±1 
±J 
±5 



VAA + OJ 
Cbd ^ 

|9o tbd 
7 



VCC-0,8 
VCC-I.5 



<0:^ 

10 
7 
10 



Units 



LSfi 
UB 
%Gray 
Scale 
Binary 

V 

V 
HA 
HA 



V 
V 
V 



HA 
pF 



Sec test condition and notes on next page. 
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Par«m«ttr 



Symbol 



Analog Outpuu 
Cray-Scale Currem Range 
Output Current (Standard RS-343 A) 

White Level Reiative to Black 

Black Level Relative to Blank 
SETUP .7^ IRE 
SETUP «0 IRE 

Blank Levcu — . 

Sync Lev 

LSB Size 
DAC-to-DAC Matching 
Output Compliance 
Output Impedance 
Output Capacitance 

(f-lMHz. lOUT.OmA) 



' NiardVREF ,.hc 1) 
^*;.;age Referen. input Cuntnt 



Power Supply Rejection Ratio 
(COMP.O.IuF.f.lkHz) 



M 



15.86 




VOC 
RAOUT 
CAOUT 



REFOirr 



rVRIN 



PSRR 



-0.2 



tbd 



Typ 



17.62 

1.44 

5 
7.62 

5 

69.1 
2 

10 



tbd 



tbd 



Max 



20 

18.5 

1.90 
30 
8.96 
SO 

5 
♦L5 

30 



tbd 



tbd 



0^ 



Units 



mA 

mA 

mA 
UA 
mA 
UA 
^A 

% 

V 

kn 

PF 



mA 



Test conditions to generate RS.343A standard video signals (unless other ose specified): -Recommended Operating Condition! 
I over the full lemperanire range, tempcranirc coefficienu are not specified or required. » » 

W '!^!!uJ^,r!^Ju!^''. If, idjustmem to meet diese Umiu. AUo. the "jnyjcale" output cur- 

ren' f*h«e level letanve lo black) will have a typical toieiance of ±10% ntheribaa the ±S% specified abovT 

S;. 

When the device is in the 6-bii mode, the output leveU are approximately lower than these values. 
^o;e ; : Onboard VREF numbers subjca to change upon completion of charaaerization. 
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OSC.OSC'AJI Mux Rites 



Symbol 
Fmax 



RS0-RS3 Soup Time 
RS0-RS3 Hold Time 



RD* Assened to D0-D7 Driven 

RD'A«encdtoDW)7V%lid- i^*A4-ia 

RO* Negated to Od-D7 3*Suted ^'^'H^- 
^Md D(M)7 Hold Time jCo 

Write 00-07 Setup Time 
Write D(M)7 Hol d Time 

JW*rWR« Pulse Widtfj Low 
RD-.WR* Pulse Width High- 

GLCLK Rates 
8:1 Multiplexing 
4:1 Multiplexing 
2:1 Multiplexing 
1:1 Multiplexing 

VlXUCRatc 

DIVCLK1.0fV CLK2 Rates 

OSC OSC* Cycle Time (Note 1 ) 

All Mux Rates 
OSC OSC- Pulse Width High 

All Mux Rates 
OSC. OSC- Pulse Width Low 

All Mux Rates 
Duty Cycle of Selected Pixel Oock 
When Clock O oubler Enabled 

GLCLK Cycle Time 
8:1 Multiplexing 
4:1 Multiplexing 
2:1 Multiplexing 
1:1 Multiplexing 

GLCLK Pulse Width High 

8:1 Multiplexing 

4:1 Multiplexing 

2: 1 Multiplexing 

1:1 Multiplexing 
GLCLK Pulse Width Low 
8. 1 Multiplexing 
4:1 Muluplexing 
2:1 Muluplexing 
1:1 Multiplexing 



Gmax 



14 



15 



16 



110 MH2 0«vlett 
M'n I TVp j Max 

no 



1 


10 


2 


10 


3 


2 


4 




5 




6 


2 


7 


10 


8 


10 


9 


50 


10 


6*pixelclock 




periods 



13.73 


MHz 


27J 


MHz 


55 


MHz 


90 


MHz 


85 


MHz 


55 


MHz 




ns 




ns 




ns 


55 


% 



Unltft 




MHz 




ns 




ns 


/ 


ns 




ns 




ns 




ns 




ns 


I/' 


ns 




ns 




ns 





Test conditions at end of this section 
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AC Characteristics (continued) 







110 MHz D«vices 






Paramttfr 


Symbol 


MIn 




Max 


UnlU 




VLCLK Cycle Tame 
VLCLK Pulse Width High 
VLCLK Pulse Width Low 


17 
18 
19 


11.76 
4 
4 






ns 
ns 
ns 




DIVCLKK DIVCLK2 Cycle Time 


20 


14.81 






ns 




DIVCLKl, DrvcUC2 Duty Cycle 


21 


40 




60 






CnphicsDiU Setup 10 GLCLK 
wraphrcs Data Hold from GLCLK 


22 
23 


3 
1 






ns 

ns • 




Dau &enxp to GLCLK 
ENABLE BLANK*. OHSYNCV VSYNC» 


24 


3 






ns 




Dau Hold to GLCLK 
ENABLE BLANKVOHSYNCr VSYNC* 


25 


1 






ns 


m 


Video Data Setup to VLCLK 
Video Data Hold from VLCLK 


26 
27 


3 
1 






ns 
ns 




VAUD Setup to VLCLK 
VALID Hold from VLCLK 


28 
29 


3 
1 






ns 
ns 




VLCLK (o RFAnvV9t{/4 


30 






7 


ns 




DIVCLKl loSENVaJic 


31 






3 


ns 




RFO Reset Pulc« Wirfth 




2* VLCLK 
periods 






ns 




Analog Output DeUy 
Analog Output Rise/Fall Time 
Analog Output Sealing Time f Note 2) 
Clock and Dau Feedthrough (Note 2) 
Glitch Impulse (Note 2) 
SENSE* Output DeUy 
DAC-to-DAC Crosstalk 
Analog Output Skew 


32 
33 
34 

35 




3 
13 
-30 
75 
1 

-23 


30 
2 


ns 
ns 
ns 
dB 
pV-scc 

dB 
ns 




VAA Supply Cuntni 
Normal Operation 
'•Steep*' Mode (Note 3) 


lAA 




tbd 
tbd 


tbd 
tbd 


✓ 

mA 
mA 

mA ^ 



Test conditions at end of this section 



49 

ATI019951 



Bt885 

AC Characteristics (continued) 
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Graphics ]:l/No Video 


3LCLKS* I6PCUCS 


MUX Graphics/No Video 


(8 LCLKS ^ 16 POJCS) ± 2 LCUCS 


Graphics l:lA1deo 


27LCLJCS*I6PCLICS 


MUX GnphicsA^ideo 


(32 LCLKS ^ 16 POJCS) ± 2 LaKS 


The number of LCLKS will have co be muldpiied by (he respective MUX rates to get the proper number of pipeline 
deUys. (i^.. POJC « Pitel Clock Rase LCLK « MUX Clock Rate the ptpeltne delay in 2: 1 MUX Gf^cs/No 
video, measured in fCLXi « 32 PCLKS 1 4 KXKs. 



Test conditions (unless otherwise specified): lUconunended Operating Conditions** usmg external voltage reference 
with SETUP « 7i IRE. VREF « 1 .235 V. RSET « 147a TTL mpui values are 0-3 V, with input rise/fall times 5 3 ns. 
measured between the 10% and 90% points. Timing reference points at 50% for inputs and outputs. Analog output load 
SlOpF; SENSE* and D0-D7 output loads 50 pF.DIVCLKLDrvCLK2outpm load* SO pF. AS the above par^ 
ters are guaranteed over the full temperamre range, temperature coefficienu are not specified or required. Timing 
waveforms are shown in Figure 9 through Figure 1 1 . 

Nou J: OSC and OSC* cycle times assume the use of the 2x Clock Multiplier. 
Sou 7: Numben guaranteed by destga 

Note 3: External voltage reference is disabled during sleep mode, all inputs are low, and clock is running. 
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Timing Waveforms 



Bt885 



RS0-RS3 



VaUD 



X 



00-07 (READ) 



00-07 CWRTTE) 



Nou J: 

Note 2: 
Note 3: 



r 



DATA OUT («0»»0) 



X 



OATAIN(WR«.0) 



to 



■A. 



Output delay measured from the 50% poim of the rising edge of CLOCK to the 50% point of fuU^scale 
transioon. 

Settling time measured from the 50% point of fuU*scale transition to the output remaining within ±1 LSB. 
Output rise^aU time measured between the 10% and 90% potms of full-scale transiuon. 



Figure 9, MPU R0Md/Wiif Timing. 
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Timing Waveforms (continued) 



0IVCUC2 



GtXUC 



■l>MK*. ENABLE 
HSYW.VSYNT 



OA.tOG.IOa 




^w I: 



40 KV 
310 MY 



3^ 



2Wehyn««««lfaHnd«mpoi«oftf«ri«nged,eofaoCK«,U«30» 

owwra Decween me 10% and 90% points of AiU*sca2e nnsitxon. 



figurw 10. QnphieM inpuVOutput Timing. 
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Timirg Waveforms ".tinued) 



Bt885 



DIVCL' 



SEN 



31 



-»• 



DIVCLKl. 



y 



y 




Flgunll. Wdtelnput/Otttput Timing. 
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Ordering information 
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Mod«f Humfr 


SpMd 


Raekagc 


Ambient 
Ttmptnturt Runge 


B(885KHFtlO 


110 MHz 


] 60-pin Plisttc Quad FUtpack 


(rcu)*7o*c 



Revision History 





ChanpM Fflom Pr&yhuM R«v(«iofi 


B 


Initial Release 


C 


Pinout change. Pin 160 was changed from CND to RFTUNE Pin 2 was changed 
fromGNDtoVRESET*. Pins 1.39.40.41,42,79.80,81,82, 119, 120, 121, 122 
were changed from GND to NC. 

Vertical scaling support added. Both DIVCLKl and DIVCLK2 and all internal 
clocks are derived from OSC or OSC* clock inputs. 

DIVCLKl and DIVCLK2 outputs are opposite phases. 


D 


135 MHz speed gnde removed. 

Pinout change. Pin 160 was changed from RPTLINE to NC. 
Vertical scaling deleted. 
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Package Drawing-1 60-pin Plastic Quad Flatpac (PQFP) 



Bt885 



Lead Pitch J. 
0.0255 [0.65] T 



Leod Width 1 
0.009-0.015^ 
[0.22-0.38] 




zt Leod Length 
~ 0.026-0.037 
[0.66-0.94] 



Pin 1- 



Pockoge Body Size 
1.098-1.105 
[27.9-26.1] 
Squore 



•0.010 
[0.25] 



MIN Cleorance 



Max Height 
•0.160 [4.07] 

Seoting Pione 



1.246-1.265 

[31.65-32.15] 
Square 
Footprint 
Notes. Unless ochemise specified: 

1 . Dimensions are in inches tnulUmeters]. MilUmeiers are the concroUing dimeruion. 

2. Package body site does noi include mold protrusion or mismatch. 

3. PCB pad layout suggestions: 

a. Pad size: 0.100 X 0.012 [2.54 xOJO]. 

b. Lead pitch (millimeters): Use 0.65 cemer-to-center spacing. 

c. Uad pitch (inches): If the PCB layout fystem to be used can handle fractional mils, use 
0.0256 center*to-cemer spacing. If not use a combination of O.Q25(A) and 0.026(B) inch 
spacmgs in groups of five TABAB A" ftpeated) to approximate the exact spacing as 
closely as possible. For example. "ABABA" "ABABA" and to fonh. 
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Brook tree Corpontion 

9868 Scnnton Road 

San Dteso. CA 92121.3707 

(619)452-7580 

U800) 2-BT.APPS 

TLX: 383 596 

FAX; (619)452.1249 

L885001 Rev. D 



CAUTION ESO-MTMv* d«v4ca. 

Pani Ml iMU ds/TMQc ffwy occur on 

>unconnocMdfvtcMtubf«cMto 
MQf>-mfgy otMtrecMc Mds. 
UrHMd dovtcM fnutt ttDr»4ip 
conducttvt Hoam or ihuntt. 
Do not nson Ms d0vie« imo 



Romovf powtr bfffora irtMr- 
ttonorrtmoval. 



printed on r«cyc*«d D«0«r 
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f Infonncticn 

This documeoc coouins informioon on t product under develc^mient The 
: infonnadon contains urget paniaetm that are subjea to Chang 




Oittlnguishing Ftaturet 

• no MHz Pipelined Operation 

• VCACon^ble 

• Mixed Video and Graphics 

• 32*b]t Graphics and 32-bit Video 

Pixel Poru 

• YCiCbHo-RCB Convenion 

• YCrCb 4:2:2 and 2:1:1 

Interpolation 

• UsesBroolcirte*sVideoCadie~ 
Q Technology 

Horizontal Video Up-Scaling 
^64 x 64 x 2Cursor 
^1 VRAM Shift Dock Suppoix 
fpEnables DRAM-Based Modon 
Q Video Systems 
«pPrograniinaUe Video Extents 
MProgranunable Color Keying 
^Onboard TIL Clock DouWer 
Qllvte 256 X 8 Color Palette RAMs 
Simplifies Integration of Video into 
|:g Microsoft Windows™ 

Minctional Block DIagrtm 



• 3x24 Cursor Color Palette 

• Standard MPU Interface 

• Power-Down Mode 

• Directly Implemeots Bfoofctrte's 

VideoCacbe™ Connector 

• 160-Pin PQFPPadcage 

Applicitiont 

« Video Decompression Acceleration 

• Multimedia Workstations 

• High-Resolutiott Gn|rfucs 

• Desktc^Video 

Related Products 

• Bt812 Video Decoder 

• Bt858 Video Encoder 

• Bt89S Video CofittoOer 

• Bt8129S Personal Media Adapter 



VLCI 

eivcuci 



vAie wrrnov mxx nooap mooc ^* 



r vw VAA mm 










m 

t 




m 




i 


• 


• 
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UO MHz MonoUthic CMOS 
\ldeo CacheDAC^ 

Product Deecriptlon 

Tbe Bt885 is designed specifically for dual or 
unified fiime bufTer multiinedia subsystenu. A 
dedicated video port aceqxs a CCIR601 
YOrCb or ROB dau stream aod allows otk- 
screea swttdiing oo a pixel-by-pixel basis. 
Mixing occurs within prograaunable video 
extents based on a flexible color key 
mnrhanitm BtSSS is intended to r^lace 
multiple RAMDAC^-based muhiiDedia 
subssnnenu. Tlie BtSSS register set is VGA 
compatible. 

Ibe BtSSS can accelerate video decompres- 
sion and work with the Bt812 decoder chip 
using pfognmmable inteipolation to pixel mul- 
tiply by 1« 2, or 4 for CCIR601 40:2, 2:1:1. and 
1 ii5iJ^ formats. TUs allows the video dau to 
mix with tbe grq)hics data at the same rate. 

Bfoobree's 800^ VideoCadie™ FIFO 
enables aqmchrooous deliveiy of gi^cs and 
video, casing system baadwidih requirements 
for video ttinsfer, and allowiag efficient use of 
system memory. Non-integer scaling permits 
arixitranf video window sizing. 

Hk 64 X 64 X 2 bit cunorhas hs own palette 
and has priori^ over tbe video or gra(^ . Tbe 
cursor operates in three modes: Microsoft Win- 
dows~, three<olor, and X Wmdows. 

Tbe BtSSS supports tnd^endent 32-bit 
graphics and 32-bit video pixel poru and is 
compatiUe with both VRAM- and DRAM- 
based video subsystems. 

The BtSSS generates RS-343A-comp8tible 
video signals into a doubly terminated 7S Q 
load. 
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D 
€1 
W 
M 

a 

St 

a 
m 

m 



MPUIntBrfae^ 

As illustmed in the detailed block dugnin (Figure 1), a 
stADdird MPU bus merhct is n^ponfid, allowiag the 
MPU direa access to the cdcr piletxe lUR MTO 
is traDsfemd into and out of the CacheDAC™ through 
the IXM>7 dau pins. Tbe lead/writB timing is con- 
troUed by tbe RD* and WR« inputs. 

The RS0-RS3 select iqxtts tptdfy which control 
register the MPU is accessing, as shown in Table L Tbe 
&-bit address register is used to address the color palette 
lUM, eliminating tbe requiitmem for external address 
multiplexers. DO cone^nds to ADDRO and is die 
least significant bit 

HMrdwMn RM§t CondtOon 

On reset Bt885 is configured for standard VGA com- 
patibility as follows: 

8 bits per pixel gr4>hics. 1:1 MUX. 
6-bit DAC resolution. 
Pixel mask register set 10 QxFF. 
Video modes disabled. 

All control registers set for VGA compatibiUty. 
Graphic pipelines are reset 

Writing Color PMiott§ RAM DmU 

To write color data, die MPU writes die addrttt register 
(RAM write inode) with the addreu of the color palette 
RAM location to be modified. Tlie MPU performs tfar«e 
successive write cycles (8 bits each red, grten* and 
blue), using RS0-RS3 to seiea the color palette RAM. 
After the blue write cycle, the 3 bytes of cote 
information are concatenated into a 24-bit wofd and 
written to the location ^tedfied by the addttss register. 
Tbe addreu register then incremetts to the next 
location, which the MPU may modify by writing 
another sequence of red. green, and bbe data. A block 
of color values in consecutive locatioos may be written 
to by writing the stan address and performing 
continuous RGB write cydes until the entire block has 
been written. Refer to die Uming Waveforms section 
for further information. 

RMding Color PMlettB RAM D&tM 

To read color palette RAM data, the MPU loads the 
«<Uress mgister (RAM read mode) widi the address of 
the color palette RAM location to be read. Tbe contents 
of die color palette RAM at die q>ecified addreu are 



copied into the red, green, or blue (RGB) registers and 
the addreu register is incremented to the next RAM 
location. The MPU performs dm successive read 
cycles (8 bits each of red, green, and blue), usmg RSO- 
RS3 to select die color palette RAM. Following tbe 
bhie read cycle, tbe contems of die color palette RAM 
at die additu ^wdfied by die addreu register are cop- 
ied into die RGB registers, and die addrtu register 
increments again. A block of color values in consecu- 
tive locations may be read by writing die start address 
and performing continuous R(3 read cycles until die 
entire Mock has beeniead. 



flS$-fltO 


Aooaaa 


AtfdrmodbyllPU 


0000 


R/W 


addreu register, palette/cunor 
RAM write 


0001 


R/W 


6/8<^t color paktie datt 


0010 


R/W 


pixel mask register 


0011 


R/W 


addreu register, pakoe/cunor 
RAM read 


0100 


R/W 


addreu register, cunorTovencan 
ootor write 


0101 


RW 


cursor overscan and cokir dau 


0110 


RW 


command register 0 


0111 


V9f 


addreu register, cwsoi/overKan 
color read 


1000 


WW 


command register 1 


1001 


WW 




1010 


R/W 


extended addreu read/write register 


1011 


R/W 


cuTMT RAM amy data 


1100 


R/W 


cursor x«low register 


noi 


R/W 


ctttiorx<higb register 


1110 


WW 


CDfiory*k>w register 


nil 


R/W 


cursor y-high register 



Tabh I. Conirot Input Tnsth Tsbl0 
<RS3mMS8,RS0mLSB). 



Writing Cursor mnd OvorBomn Color 

D&tM 

To write cursor or overscan color data, die MPU writes 
die addreu register (cursor color write mode) widi die 
addreu of die cursor or overscan ccrior location 10 be 
modified. Ibe MPU performs dvee successive write 
cycles (8 bits each of red, green, and blue), using RSO- 
RS3 10 aelea die cursor cokir registen. After die Uue 
write cycle, die 3 bytes of red, green, and blue color 
information are concatenated into a 24*Ut word and 
written to the cursor or overscan color location sped- 
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Circuit Description (continued) 

fied by the address register. Tlie address register then 
increnems to the next locadon, which the MPU may 
modify by writing ttocher sequence of red, fitei^ 
blue dau. A block of color values in consecudve loca- 
tkms may be written to by writing ttie start address and 
perfonmng continuous RGB write cycles until the 
cntife bkick has been written. 

Ramtlng Cunor Color DatM 

To itad ctffsor color data, the MPU loads the address 
reginer (curm color read mode) with the address of the 
Conor color locatioo to be real Hie contents of the cur- 
aor color register at the speciSed address are copied into 
tbt RGB registers, and the addreu register b inert* 
^ mentedtt) die next cunor c61or location. The MPU per- 
M forms three suocesstvt read cycles (8 Utt ead) of red. 
Q green, and UueX u^g RS04153 to select the cursor 
^ color registers. Following the blue read cycle, the coo- 
^1 tents of the cursor color location at the address specified 
:|f by addreu register are copied into the RGB regis- 
|3ters, and the address register again increments. A Mock 
A of color values in consecutive locatiotts may be read by 
14 writing the stan address and perfonning continuous R, 
G, 6 read cycles until the entire Mock has been read. 

%M 

extended itgister act is used to accommodate aU 
fieaoires of the BtSSS . Since there are only four register 
flielea lines (and all 16 oomUnations have already been 
ptsed)* the extended registers must be accessed 

indiiecily. 

For example. Command Register 3 is accessed witfi 
tfie following sequence of operttioas: 

1. Set RS3-RSO«0000,Addrett Register. 

2. Write Addreu Register to 0x02 

3. SetRS3-RS0« 1010 (Extended Addteu 
Register). 

4. Read or Write Command Register 3. 

Writing Color Kay Color D&ta 

To write the color key color dam value, the MPU selectt 
the color key dau R(3B register using the extended itg- 
iuer. It dien perf onns a write cycle setting RS3-RS0 to 
tOlO (Status Register). This piocess is repeated for each 
color oomponenL Hie color key color regista is only 
updated after the blue value Is written. 
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ftBMdIng Color K§y Color Data 

To read the coksr key color dau value, the MPU selects 
the color key data RCSB register using the extended reg- 
ister mechanism, then performs a read cycle setting 
RS3-RS0 to 1010 (Stams Register). 



Writing Color Koy Maok Data 

To write the c^ key mask data value, the MPU selects 
the color key mask ROB register using the extended 
Itgister mnrhanitm It then perfdms a write cycle set- 
ting RS3-RS0 to 1010 (Status Register). This process is 
repeated for each color component Tbe color key mask 
register is only updated after the blue value is written. 



Raading Color Kay Maak Data 

To read the color key color mask value, the MPU 
selects the color key datt RGB register using the 
extended register mechanism outlined below, then per- 
forms a read cyde setting RS3-RS0 to 1010 (Status 
Register). 



Additional Intormation 

When the color palette RAM is accessed, the address 
register resets to 0x00 following a blue read or write 
cycle to RAM locatioo QxFF. 

Hie MPU interfooe operates asyndironously to the 
pxei clock. Dau ttansfas between the cdor palette 
RAM and the color vepsters (R, G. and B in the func- 
tional block dtagrim) are synchronized by internal 
logic, and occiv in the period between MPU accesses. 
Toredme noticeabk ^artding on the CRT aeraen dur- 
ing MPU access lo the cokr palette RAMs, internal 
logic maintains the previous output odor data on the 
analog outputs while the transfer berween RGB regis* 
lers and lookup taUe RAMs OCCUR. 

To ke^ trade of the red. green, and Hue readAwite 
cydes, the address re^ster has two additional bits 
(ADMU and ADDRb) Aat ooum modulo three. They 
are reset to aero when the MPU writes to the address 
register and are not reset lo nero when the MPU reads 
the address register. Ibe MPU does oot have write 
access to these bits. Ibe MPU may read the address 
register at any time without modifying its contenu or 
the existing read/write mode. Ibese bits can be read 
from SRI. 
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Aee—ingttfCunorRAMAmy 

TTk 64 X 64 X 2 canor RAM is aceetied IB 1 Btamr f or. 
matBits C3G1 and QUO ia Cominnd Register 3 
become the load iapus to ifae 2 MSBs of a KMrit 
ijWresi eoujiter. tlwefofe, these bitt must be wriiM 
Coimiund Register 3 befiw the lower 8 bits aie written 
10 the address eoomeribrough the MPU poit In Ae pli- 
Mr format, ooly Bine address Wtt are used. Tlie tenth bit 
detenBines which pbne (0 or 1) data of die cmor RAM 
«ny is accessed. A single address presented to die cur- 
tor RAM accesses 84h locations in plaae 0 or I. 
dqwadug on die stale of address bit 9. 

After each access in die planar fofiaat. the addiess 
noemems. Hie MPU uses ADDR. a l(Miit binaiy 
address counter, to access the cucsor RAM amy. The 
address counter is die saiae 8«t binaiy eounter used 
for RCa antoincrementing with CR3I and CR30 as its 

extended MSBs. Any write to Ifae address counter after 
cursor autoiaeraaeaiiag has been initiated lesets die 
cursor autoiaaementiag logic until cursor RAM anay 
J«a^ been accessed. Qusor autoincrementiag win 
ttMbegin ftom die address written. A read fiom die 
address counter does not icset die cuisor. autoinere- 
■eanng l<»gic. The color pakse RAM and the cursor 

Mwf J5!L?** ^ ««' 
MPU addressug for diis and an otfier registen is deter- 
mined by die external register select lines RS3-RS0 
(<eeTable2). 



^ 6SIt/8-Blt OpwmOon 

:|Tlie commsBd bit CROl specifies whedier die MPU is 
reading and writing 8 bits or 6 Wtt of color infimnatioB 
" ^V"**"- W> Is *e LSB and 
D7 is die MSB of color data. Fbra6*itopereiioB.color 

When die MPU is wnd^ eokr data. D6 Md D7 are 

Ignored. During color read pydes, D6 a«J D7 are a lo«- 
Kalxero. ^ 

AccessingdiecunorRAMainydoesBotdepeBdon 
tteresoJution of die DACs. When Bt885 is In die 64* 
!2MS t?'-?"^^ *^ are left justified within an 

£S2ri.?i?S !^"~« *ai be about U% 
tower dian while it is in die S-Wt mode. 



Powr-Down Mode 

The Bt88S incoiporates a power'^lown capability, con- 
trolled by command bit CROO. While command bit 
CROO is a logical tero. die Bt885 ftuctions nonnally. 

While oommand bit CROO is a logical one, die 
DACs. cursor dfcuioy. video HPO. and pow to die 
RAM are turned off. Tlie RAM stiU ittains die dau. 
Also, die RAM may be read or written to by die MPU 
as kmg as die pixel clock is runniqg. Tlie RAM auto- 

naticaHy powers up during MPU readAwite cycles and 
•butt down when die MPU access Is completed. Hie 
DAa output DO cutrem, and die fear conunand regis- 
ten may itill be written to or read ^ die MPU. The out- 
pw DAa require about one second to on off (sleep 

mode) or tun on (Bormat), dqiending on die compensa- 
tion capacitor used (see the Video Output Wavefiirms 
•action for Aodier infofmatioB). The DACs will be 

ttnied off during sle^ mode only if a voluge refetence 
rwtenal or external) is used. 

When an external voltage refereaee is used, external 
Jwtitty should tun off die voltage refereaee 
(VRff-0 V) to Amber reduce power consumption 
caused by biasing 9t portions of die intenal voltase 
reference. 

PbMlCloek Selection 

OSC and OSC» provide tiie souree ftar die Bt885 inter- 
aal pixel dock. Gnphic pixel dau is i^t^Hif by 
GLCLK. Bit CR24 selectt whedier die OSC or OSC* 
pin is used. A dock doubler can be enabled on die 
•elected iqw Iqr setting CR33 > 1. The OSC* and OSC 
iqwtt can be used together as diflieRatial ECL iaputt 

S,"^ ••"^ CR34 - 1 . If a diflitren. 

tial EO. iuput mode is used (CR34 > 1), dwB die state 
of CR24 is ignored. The state of CR33 must be 0. 

It i> abo possible to iatemally ione die DIVaJC2 
CN^wt to die latches oonaected to GLCLK by settiaa 
CR36 - 1. OLCLK win be ignored fa dus mode. 

^ « *e basU of 

*e OSC and OSC* Inputt as described uBkss diey are 
disabled by seitiKg CR32 • 0 (DIVaJU disable) or 

aU5 • 0 (I»VCLK2 disable). If die dock douUer is 
■tad (003 • IX dien bodi die DIVCLKI aad DIV- 

a« dividea must be set to a value of 2 or «aier. 
DIVCLKI aBdDIVCLK2 are oppodte phases 
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Circuit Descrfption (continued) 



N/A 



N/A 



OkOO-QxFF 



OkOO 



OkOI 



00 

01 

10 

00 

01 

10 

00 

01 

10 



Coter pilcac RAM (Red Component) 
Color pikae RAM (Gfoea CocBponem 
Color pikae RAM (BhieCotnoone nn 
Ovtncw color (Rod Compoocm) 
Ovcncn color (Owea Component) 
Ovtficaa color (BlacCotnpooea ) 
CiBBor Color! Rod CbflBpomT 
Qam Color 1 Oneo Compooent 
Cteior C olor 1 Blue Cotnpooem 



N/A 



01 
10 



0x03 



01 

to 



Oner Color 2 Red Con^oQcot 
Osior Color 2 Gieeo CoopoDeot 
^mor Color 2 BhieC^^onem 



Cunor Color 3 Red Compooem 
Ovsor Cte 3 Green Component 
^iorColor3BlueCdmponent 



OjtOOO-OxlFF 
1 I 0x200^FF 



N/A 
N/A 



Otnor RAM Amy. plane 0 
QniorRAMAniy.plinel 



1^ F/ame at/fr«r PAw/ Port Infrfae* 

L ?^ (A-H) oied 10 Iweffc^ 

U • ttie gnphics and video ftine buffer metDoriet. The 
Msigameat of ptas to input pixeb Is deienaiaed ^ die 
openaoa mode and multiplex we 



^VltfoPonaoeklng 

^2^^ • •'^irr^y •'-^ inio Bt883 wid, 
Je VUlJC mput VUIK may be a^ynchreiw^ 
*epttel aadter fiaphics load dock, at an internal 

nPOis used » synehioniae video daa lo fnphics 
ptxeldata. 

Three siaau signals are available 10 control the load, 
mi of video pixel data imo Bt885: VALID. READY 
VALJ) is p«vid«l by .he 

BttU and tt assenad 10 iDdicaie diat valid video dau is 
being presented on the video pixel pen. Tlie READY 
a^u an output from Bt88S that indicates that it is 
•eeqjting pixel data. For dau to be accepted on anv 
VUUC rising .Ige, both 2 
a«w be high through the clock edge. 

SiSTviS^*^ ^ 

tJ^.'H^ ^ B«8M prior » 

*e time that It « to be used. In systems where tllere i« a 



ooMo-oae lelatioaship between video pixeb and 

raphies pixeb hi the frune buffer and 

deiivend simultaneously, the FIFO opetvion can be 

ilBored and VALID would be tied to the pixel bianUag 
signal from the graphics subsystem (BLANK*). In ihu 
mode, the FIFO would never be filled and. therefore. 
READY may be Ignored. 

Hie internal video dau FIFO b icset to an empty 
state on each detected vertical blank period. The system 
ewitomediatdy begin loading datt mto the video pon 

W» Ae VRESEf rignal (see pin description) die 

video dam win know the atan of each gimhics fiame. 
See diagram bdow: 

vuxKjnjxrLn_rLrL 




^ ^"■"y*»«*«'*^n«>bcmp^y when video 
<btt b reyiired. Stahtt R«gbter 2 Wt SR27 will be set 
to one. The underflow Ut win icmain set until Status 
Regbter 2 b written, dien SR27 will be cleared. 

For proper operetion of the video pipeline reset. 
VLCLK must be a free>running clock. 
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CIrcuft Description (continued) 
VldeoCeehe^ FIFO OpenHon 

The Bt885 provides a FIFO buffer for video pixels to 
tilow for isyncfaroDous video and fn^cs operation, 
and to ease system detign reqimemeats. Use of the Vid- 
eoCache™ FIFO features is eotiftly opcional and oot 
necessary for synchroDOus designs. 

i-MdIng VidtoCacho^ FIFO 

The VideoCache~ FIFO acc^ a group of dau 
(the exact number is given by tbe currem video mode) 
when the following conditioits are met on any single 
nsingedgeofVLCLK: 

1. The FIFO Is ready to accqtt data 0^ it is oot 
Aill). Iliis is determined by the state of tbe 
READY signal. 

2. The system is presenting data, indscadng this to 
the CacheDAC^ by asserting the VALID signal 
with the data. 

Unloading VldMCacho^ FIFO 

Bt885 will onload the VideoCache^ FIFO depen- 
dant on die setting of bit CR41 . If CR41 « I, the video 
wUI only be unloaded while BtSSS is scanning through 
the video window. If CR41 • a then video will always 
be unloaded during active gr^hics time. The unloading 
process is indq)endem of color keying. 

!hfull 



Bt885 



p This signal is assened when the VideoCache^ FIFO 
fl is more than half fiiD. 



VldooCocho~RMot 

Tlwre are four ways that the VideoCaehe FIFO gets 

reset: 

FIFO Reset Pla This is an external hardware FIFO 
RESET method for icsetiing the BtSSS Video FITO. 
This pin must be held low fcr at least two VLCLXs 
with PIXEL CLOCK nmaing. 
CR47. Iliis is a software RESET method lor itaetting 
the Bt885 VideoCaehe FIFO* A logical one written to 
this Wt resets the VideoCaehe FIFO after four VLCLKs. 

A logical aero wiU put the FIFO back to oonnal opera- 
tion. 

J»«J^fcwoca«^ 

vireo FIFO under flow occurred when a logical one is 

««iJT>eV«tooCachcFiro 

TO» happens. A MPU write cycle to Stents Resister-2 

wiUclearSR27. ~»«»« * 



Vertical Retrace iBtcrraL An automatic VIDEO FIFO 
reset also occurs during the vertical retrace interval. 
When the ENABLE line is low for 2048 clock cycles an 
internal FIFO RESET ffqumrf is initiated. 
READY and VRESET* will be « 0 during the FIFO 
reset period. READY wiU become active within one 
PIXEL CLOCK period after VRESET* goes high. 

GenenI Purpo9§ Signele 



DIVCLK1/DIVCLK2 

Tbese signals provide programmable firee-funning 
clocks based on the internal puel clock. Th^ can be 
Bsed 10 generate external pixel load docks, such as 
VLCLK or GLCLK. A gated clock may be generated 
ftom DIVOJCl by using another generd purpose sig- 
nal, SEN, described below. 

SEN 

This signal is used to provide a gating control for 
DIVCLK 1 . SEN can be programmed lo stan relative to 
the £iUing edge of iotmally detected vertical blank 
(see cursor operation) in units of scanlines and relative 
to the fcning edge of CmSYNC* in DIVCLKl cycles 
ttting the aerial clock enable Stan (hociaootal and verti- 
cal) registers. Duration is set In onitt of scanlines for 
the vertical direction and m DIVCLRl cydes for the 
horizontal direction (relative lo the beginidag of SEN) 
using the serial clock en^ duration (horimtal and 

vertical) registers. This signal is guaranteed 10 Mshion 
only during DIVCLKl low time. 

Iliis signal may be used lo control a VRAM shift 
clock which runs during noo-blankfaig time. When an 
^yprppriate delay is programmed from die leading edge 
of OHSYNC^, die serial data can be property 
posttiooed before tiw bailing edge of BLANK* The 
SEN duration register then stops the aerial dock lo 
allow the system to perform VRAM row data transfer. 
Because OHSYNC* is sampled widi the hitttnal pixel 
clodu there may be afr additiraal pixd dock delay 

between C/HSYNC* faUiog and the SEN rising. 
MODEO 

This b a general purpose, TIL compatible, regis- 
lend ii^Kit^ouqiut which is set ttsiivCR4S. Selection of 
Input or output is made using CR37. 

TUs pin is user-definable and could be used to inter- 
face between hardware and software. For example, 
MODEO could detect tbt existence of a video card. 
Software would detect tftis t>y reading CR45. 
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Circuit Description (continued) 
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YSTART 
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Video Window 


YHBQHT 
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XWIOTH 





fIgunZ VMM Window /I0gl$t9n. 
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Wddo ll7ncf0Hr Opentlon 

TheXS lART itgister indicates tbe suniiig X fx»ition 
OB tbe tcreeo for the video window relitive to the 
ENABLE pin (Hgure 2). A value of leto indicates that 
the video window begins with the first Oeftmost) pixel 
of each borizomal scan line. The YSTART legister indi- 
cates tbe starting Y position on tbe sci«en for tbe video 
window. A value of zero indicates that tbe video win- 
dow begins on the first scan line of each friine. The 
XWIDTH register indicates tbe number of pixels per 
scan Une widiin the video window. A value of xeroindi- 
ote djaubcre art no pixels in the video window. The 
YHHGHT register indicates die number of scan lines 
within tbe video window. A value of mo indicates that 
there are no scan lines in the video window. 

fear val ues. XSTART, XWIDTR YSTART, and 
YHEIGHT should be written sequentiaUy. Internal 

window coordinates are loaded during the next 
detected vertical blanking interval after the YHEIOHT 
register is written. 

Wdeo ScMtlng Opention 

ThcBt885 siQ)portt video upscaling in the horizontal di- 
««tion, HonzoniaDy, a combination of coarse pixel in- 
2P?™J» ^ ptxel-accuraie replication may be 

"^•od vertically, must be performed outside the 



HortzofTtal 8calli>g 

Horizontal upscaling may be accomplished by using 
a combination of two methods: pixel replication and 
pixel interpolation. 

Pixel re^icatioo is acoomi^ished by using die output 
of an overflowing 12*Ut acrumufator to either clock a 

vatoe out of tbe VideoCacbe™ HFO to the D ACS or to 
b<rid the cunem DAC vahie. 

At the Stan of each scan Une, tbe accumulator is ini- 
tialized to the value stored in the XSCALEIN1T regis- 
ter. On each pixeU the value stored in die XSCALEINC 
register is added to the accumulator. 

If tbe addition resultt in a cany, a pixel is clocked 
outoftheVideoCache~FIFOtotheDAa. Ifnocany 
occun. die previous DAC value u held. This style of 
•caling is known as a Digital Differential Algoridun 
(DDA). 

scaling, the system supplying die 
Bt883 with video pixel must precalculate die DDA con- 
stents required for the desired scale factor and load the 
vAics imo die two 124* X-Kaling i^gisteis, XSCA. 
LEINTT and XSCALEINC as follows: 

XSCAl£INC • [(Source Video WUfch • 0x1000) + 
(WWOO-XSCALEINm/ 
Destination Video Widdi 

OiXSCALEWITSOxOFFF. XSCALEINIT can be 

usedto set Ae repUcadon phase of the DDA in more ad- 
vanced^pUeatiotts. 
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Circuit Description (continued) 

Pixel interpolation U tvgiUble'wben using ceniin 
YCrCb video Dwdes. When used, it cut interpolate the 
dtu to 2x or 4x the source hoiizonul ptxd count Ibe 
table below shows source dau fonnats, video mode se- 
lected (CRl), and the resulting tmerpolation factor 
achieved 



SoutmYMm 


VMMllodt 


iimrpiocDon 


POfflMt 






YCtCb4i:2 




1:1 




YQCb 2:1:1 
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YOa 


4:1 


YCiCb 2:1:1 


YOa 2:1:1 


1:1 




YQCb US.5 


3:1 




YQCb I.J:j5 


1:1 



ExampU: Tofillawindow which is 636 ptxels wide 
with a source of 320 pixels of YQCb 4:2:2 data loaded 
Q in 1:1 mux mode, one should select die YOCb 2:1:1 
video mode (CR17<KU«S) and set XSCALEINC to 
OxOFFF for no repticatioa (see note bebw for why 636 
ptxels was chosen). If the window were ili^y larger. 
% uy 700 pixels wide« one should seka the YCiCb 2:1:1 
^f^ video mode and use the pixel replicator to stretch the 636 
S ^ Pixels into 700 pixels (XSCALEINC « 0x0589. 
?g XSCALHNTT. 0x0800), 

I Color Key Operation 

1^ Selection between the video and gni^ucs fnxel datt 
W tnay be based on a specified range of gnphic ^xel val* 
ues. A "color key set* may be defined which specifics 
^ one or more graphic pixel values that allow video pixels 

^ to be shown. 

a 



To define the color key set three color key registers 
and three color mask registers are used A graphic pixel 
value is bitwise XOked widi the color key and the 
result is NANDed with the color mask. If the result is 
one, the cocTe4)onding video pixel is di^layed in its 
place. 

When a fraphic pixel value hSit within the color key 
set the omspoo^Ag video pixel is displayed ruher 
than the gnphic pixel. Color key detection may occur 
cither before the palette lookup or after the palette 
lookup. In 16- and 24-btt pixel modes, if palette bypass 
is cai^led* sdecting matching after the palette matches 
based on Che actual values that would be applied to die 
DAO. 

When matching after die palette, bit CR42 of Com- 
mand Register 4 dwuM be tet to 1. and die color key 
registers and color mask registers represent 24-btt RGB 
values each. The r^gisien are ordered with red at the 
lowest addreu, then green and blue. 

When matching before die palette, bit CR42 of Com- 
mand Register 4 should be act to zero. The color key 
registers and color mask registers represent unmulti* 
plexed graphic pixd values, with the red register as the 
least significant byte, dien green and blue. Only the bits 
needed to represent the |nxel are used. For example, an 
8-bit pixel color key and mask use only the ltd regis* 
ters. 16-^ pixels use only die red and green registers. 

Pixel selection occurs only widiin die current video 
window boundaries, and only when hit CR46 of Com- 
mand Register 4 is set to 0 to allow color key detection. 
When CR46 is set to 1, aD pixeb widiin die video win* 
dow will dt^ilay die video pixels, regardless of color 
mask and key irgisier values. 

The hardware cursor always has display priority 
over color key sdecdon. 



Eomptol 

CR42 ■ 0 (matcliiag before paktte) 
■ 0 (allow color keying) 

Coior M*ik: (B) (hXX (G) OxXX (R) OrfF 
Color Key: (B) ftOCX (C) OxXX (R) OtfE 

^J^^ • of blue vihies between OxCO and 



p Ot42B I (nutching after palette) 

g aU6-0 (allow color keyiflf) 

1| Color Mask: (B)OjtR(G) 0x00 (R)QxOO 

j Color Key: (B)0xO0(G)0xb0(R) 0x00 

^ExampltS 

tJi.'*," ' ^-^^^ "Ode 10 

fii^pcanm color key. 

CR43«0(Butcfaing before palette) 
» CR46-0 (allow color keying) 

Color Mask (B) OxXX (G) 0x80 (R) 0x00 
O»lor Key: <B) OxXX (G) 0x80 (R) 0x00 

Note: Jo •« the color key or color mask. aU tfme 

indexes aiaa be written, even if an three indexes 
are not used. 



YCrCb^o-RQBUttrtx 

^e YCfOHo^GB cenvenioa is eompliam with 
COR Recommendation «1.| as fbUowiT^ 



R» 1.I64(Y- 16)* \S9^Ct^ 128) 

C« M64(Y- 16)-0.813(Cr- 128) 
-0J91(a-128) 

B • 1.164(Y- 16) ♦ 2.018(Cb - 128) 



Mod— ofOpentlon—GnpMcs 
«lti/P|j»| Opmtlon (8:1 MUX) 

Tlie 32 iapgt biti are multiplexed 8.1 and configuitd 
far 4 bitt/jpixd. niere are eight independent 4.bit pixel 
pom. P7:4 (A-0) and P3.-0 (A-D). The pixel bits are 
btdiedoo tbeiisittg edge of OLCLK. One rising edge 
ofCa^X AouW occtir evoy «gta pixd dock cycte ^ 
THe 4 bMs from each poR wiD select one of sixteen loca- 
tions in the palette (see Tible 11 in the Intetnal Reeu- 
lenaeetioo). *^ 

t-Bttamix*! OpwMen MUX) 

*.?Li?JfT 2? "»«»««P'««» configured 
21! / "* ^ iiKlependent 84it pixel 

^^^l,^^^ "* on the lising 
Mge of GLCUC. One tisiag edge of GLCLK should 
ottwr eveiy four pixd ekwk cycles. Hie 8 bits from 
Mch port win tdect 1 of 236 locatioos in the pdette 
(see Table 11 in the Intend Registeis section). 

S-BKa/Pfawi OpMstion (2:1 MUX) 

The 16 fapot Utt are mdtiplexed 2:1 and configured 

pom, (A-B). The pud bitt are latched on the rising 
•dge of GLOJL One lising edge of OLCLK should 
ocwr evety two pixd ck>ek cycles. The 8 bits from 
e«* port win sdea 1 of 256 locations in the pdette 
(leeTtole 11 in the IntondRegistere section). 

Mlta/Plml OpMstion (1:1 MUX) 

The 8 input bitt are multiplexed 1:1 and configured 
for 8 bas/pixO. There is one 8-bit pixd port. (A) The 
Iwdbitstrelatd^dontheiidngeieofolax'S 
Mfflg edge of OLCLK shouW occur evew pixd elodc 
cycle. The 8 bte win idect 1 of 256 iSKTinthe 
pilette (see Table 11 in the Intend Registen section). 

IMKi/nm Opwaiien (2:1 MUX) 

Z^^S^^^^^'^f^ 16*hpixd 
ta| edge of OLCLK. One lidng edge of OLCLK should 

color fonnau of 5:5:5 or 5.-6:5. P7D and P7B are 
2r*!l. the 5:5:5 color format U 

selected (see Tdrfe II in tf« Registers section) 
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Brookiree* 

Circuit Description (continued) 

Bit CR24 tfi Coammd Register 2 can be pro- 
fnauned to enable or disable true«color paletie bypass. 
Wheo the bypass mode is selected, tbe pixel dau 
bypasses the palette as well as the pixel mask, and is 
oa i isfmwl to the proper MSBs of tbe respecdve DACs, 
the fftmaining L^s are set lo zeros. When tbe bypass 
mode is not selected, tbe pixel dau indexes tbe paletu, 
and color iofonnatioD is passed to tbe respective DACs. 
Bit CR22 in Command Register 2 detennioes whether 
palette addressing is sparse or contiguous. For sparse 
paleoe addressing, each independent color component 
of pixel datt is mapped to the most significant bitt of 
the respective palette address; tbe least significant bits 
are set 10 zero. contiguous paietse addressing, each 
independent color component of tbe pixel dau is 
mapped to the least significant bits of the reflective pal* 
ette addreu; die most stgnificant bits are set to zero. 
Tbe color palette values indexed, for either sparse or 
l^contiguoQS addressing, are transferred to the DACs. 
^IWben 5*.S:5 or 5:6i color fbnnat is selected, tbe dis* 
f J;play can contain 32 K or 64 K simultaneous colors. The 
lyiDACs can be configured for 6 or 8 bits of resolution in 
^this mode. If 5'.5:5 color fonnat is selected, the most 
^^significant bit may be used for color key operation (see 
^Tables 3 and 4). 

:m 

ifilMtt«/Pix«| Opmtlon (1:1 UUX) 

1% The 16-btt pixel port (A-B) is latched on the rising 
||yge of GLCLK and is multiplexed 1:1. One rising 
|l Pledge of GLCLK should occur every pixel clock cycle, 
fftj Bit CR25 in Command Register 2 can be pro- 
Iffgranuned to enable or disable true-color paietse bypass. 

the bypm mode is selected, the pixel dau 
^l^ypasses the palette as well as the pixel mask, and is 
transfezTcd to the proper MSBs of the respective DACs. 
When the bypau mode is not selected, the pixel dau 
indexes proper locations in the palette, and the cor- 
rea color information is passed to tbe respective DACs. 
Bit CR22 in Command Regisur 2 dctcnnines whether 
palette addressing is sparK or contiguotts. For qme 
palette addressing, each independent color c o m po ne n t 
of pixel dau is mapped to the most significant bits of 
the respective paletu address; the least significant bits 
are set to zero. For contiguous palette addressing, each 
tndqwndent color coo^ooent of the pixel dau is 
mafqsed to the least significant bits of the respective pal- 
ette address; die most significant bits are set to zero. 
The color palette values indexed, for ettiier sparse or 



contiguous addressing, are transferred to the DACs. 
When 5:5:5 or 5:6:5 color format is selected, die dis- 
play can contain 32K or 64K simultaneous colors. The 
DACs can be configured for 6 or 8 biu of resolution in 
this mode (see Tables 3^). 

If 5:5 J color fonnat is selected, die most significant 
bit may be used for color key operation. 

244its/Ptxol OpMtion (1:1 MUX) 

When 24 bits per pixel in 1:1 MUX mode is selected, 
diere is <me 24-bit pixel port (A-Q. The pixel bits are 
latdied on the rising edge of GLCLK and multiplexed 
1:L One rising adge of GLCLK should occur every 
1^ dock cycle* Hie RGB color format in diis mode is 
8:8:8. 

Bit CR25 in Command Register 2 can be pro> 
grunmed to enable or disable true<olor palette bypass. 
When the bypass mode is selected, the pixel dau 
bypasses the paletu as well as the pixel mask, and is 
transferred to the proper MSBs of the respective DACs. 
When the bypass SMde is not selected, dK pixel dau 
indexes the proper locations in die palette, and die inde* 
pendem RGB color values are pamd to tbe respective 
DACs (see TMt 6a«6c). When 8:8:8 color format is 
selected, tbe di^lay can contain 16.8 million simulta- 
neous colors. The DACs should be configured for 8 bits 
of resolution in diis mode (CR25 « 1 , CROl ■ 1 ). CR4 1 
and CR40 can be used to alter the pixel read order to 
BRGorBOR. 

Pbwf RMd MMk ftogittM* 

The pixel dau can be masked before being trans- 
ferred to die color palctu widi tbe 8-btt pixel mask reg- 
ister. Tbe pixel dau b btt*wise logically ANDed with 
die contentt of tbe pixel read Busk register. Tlie result is 
used to address die color palette RAM. Tbe addressed 
tocation provides 24 bitt of color information to die 
diree WA oonveiters. Pixel masking is enabled for all 
modes of operation except when die true-color bypass 
is enabled. Tbe pixel nnask register is initialized to k>gi- 
cal ones at reset (see Table 13, Register Values on Reset 
in die Internal Register section). 
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Circuit Description (continued) 
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flM§ 4. 8:9:$ RGB QrapMe* Color Format tor Both 2:1 and 1:1 UuNlphxIng Modo$. 
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Circuit Description (continued) 
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Tabk 6a. 24-blf/Pbr0l QrapNea MB Color Fonnat (CR41/I0m 00) tor 1:1 MUX Modas. 
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Tabl0 6b. 24-blta/Plxal GrapMe§ MO Color Format (CH41,40 m 01). 
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Circuit Description (continued) 

Modes of Opontion^Vldoo 

The pixel onfering and YQ:Cb4»-RGB cravoiiou are ibown io Figures 3 through S, and the video ^xel pon 
oonfiguntios is ibowa in Table 1 1 in the Intenul Registen tectioa. The following describes video operation modes. 

YCiCb MOJSSOS OptraUen (4 ByM Pfanls) 

Tbe 32 input biu are configured for YCrCb 1K>J.'0.5. There are four independent 8^t pixel pons, (E-H). Each 
snap of four bytes results in dgbt output pixels. The pixel bits are latched on tfaeiising edge ofVLCLK. 
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rCrCSb L-OJULS Vld90 Color Fomtt (4 Bytot /8 Pbnio). 



li^ YCrCb 1:0^:0^ Opmtion (2 8yU/4Pix»i<) 

P Tlie 16 wpat bits are configured for YQCb lK>i.*OJ. That trt two indepcndcttt Mit pixel ports, (C-fl). 
groq) of two b)tes resultt 10 four output pixds. Tbe ptxd bte 
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YGrGb l.'OJ.-OJ VIdoo Color Fdrmtt (2 Byt— /4 Pbtolt). 



YCrCb 1:0J:0 J OpmUon (1 BytW2 PiMte) 

TV 8 inpw bia are eonfignred for YCWb 1K)JK)J. Tbere is one S-bit pixel pea (H). Each byie loaded lesultt in 
two ottfut pixels. Hk pixel bits are latched on the rising edge of VLCLK. 
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YCrCb lA^iOS VMM Color Format (1 Byf/2 AlMteJL 
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Circuit Description (continued) 

YCrCb 2:1:1 Opanrtion (4 Byta^4 Pixalt) 

The 32 input bits m configured for YCiCb 2:1:1. Then are four inde p e n deat 8*btt pixel potu, (E-H). The pixel 
bitt tic Uicbed oa ibe rising edge of VLCLK. 
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YGrGbg:1:1¥U9oCelorFomitt(4Byt»$/4Ptnk). 



2 YCrCb2:1:10ptf«tlon(2BytiAPix«lt) 

1^1 The 16 input bits are coDfigured for YCiCb 2:1:1. There «re two independent S-bIt pixel ports, (G-H). The pixel 
'fi bits are Utcbed on the rising edge of VLdJC 
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1^ YCfCb 2:1:1 Vld§o Color Fofffmt (2 Byt99/2Plml9). 

i 

YCrCb 2:1:1 Optration (1 ByttH PbtBl) 

The 8 input bits ere configured for YQCb 2:1:L There is one S*bit pixel pon, (H). The frixel bio m latched on 
the hsing edge of VLCLK. 
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Circuit Description (continued) 
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▼CiCb 4:2:2 Opwation (4 Byt«2 Pinis) 
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YCrCb 4:2a VUte GolorFontmt(4 Bylm/2 Ptnk). 
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YCrCb 4:2:2 Optration (2 Bytan PimI) 
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1«lti«xtf S:S:5 OpwMien (2:1 MUX) 
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16-Blt«/Pta»l 8.-8:8 OpMMen MUX) 
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Circuit Description (continued) 

1$-Bita/Plx«i S:6:5 Operation (2:1 MUX) 

The 32 input bits ire configured for 16 bits/pixel. There are two ind^ndent 16-bit {Hxel pons. (E-F) and (G^). 
The bits are latched on the rising edge of VLCLK. The RGB color fonnat in this mode is 3:6:5. 

6-Blta/Plx«l 5:6:5 Opwatfon (1:1 MUX) 

The 16 input bitt are configured for 16 bits/jptxel. Then is one 16-bit pixel port (O-H). The input biu are latched 
on the rising edge of VLQX. The RGB color fonnat in this mode is 3:6:3. 
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8.^:5 BQR VMto Color Fommt tor Bath 2:1 ond 1:1 Multlphxing Mod0$. 



24-BKB/PixBl Opmtion (1:1 MUX) 



W The 24 input bits are configured for 24 bits^xel. There is one 24-bit pixel port. (F-H). The bits are latched on the 
/^^ rising edge of VLCLK. The RGB BGR color fonnat in this mode is 8:8:8. The color fonnat is controlled by bit 
t^^CR44 in Command Register 4. 
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24^lt AGS VIdto Gohr Forma (GHUmO) for 1:1 MulUplMlng ModM. 
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Circuit Description (continued) 



CCIR60I K-0J:0.5 
CaR656 Compooeot Orioing 
Color Space: YQCb 
Subsamplinf: 1:0J.*0J 
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CCIR601 2:1:1 

CCIR656 Component Ordering 
Color Space: YQCb 
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Circuit Description (conf/nudcf) 

CCIR60r4:2:2 

CaR656 Component Ordering 
Color Space: YCrCb 
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Figure 8. CCm6O14aaVld00FeimMt 



DAC ValuBB in IS-BHm/PIxbI Vld0O 
Modes 

In order to achieve S-bit fuU-scale DAC ou^ut in the 
5:5:3 16-bits/pixel video modes* eaA S-bit value will 
be used as die five most significam bttt of the S-bit 
DAC value and the three most significant bitt of the 5- 
bit pixel value will be duplicated in the tow order 3 bits 



before die pixel value is passed to the DACs. Similarly, 
in 5:6:5 modes, when processing die 6-bit green com- 
ponent the 6-bit value will be used as die 6 most signif- 
icant bits of die ft-btt DAC value and the two most 
significant bitt of the 6-bit pixel value will be dt^U- 
cated in the low order 2 bitt before the pixel value is 
passed to the DACs. 



19 



BtS85 



Circuit Description (continued) 
Cunor Opentlon 

The Bt«85 has an on-chip, Arec-color. 64 x 64 x 2 pixel 
•ser-definable cursor. This cunor works with both 
uueriaced and oo&iaterlaced systems. Ibe cursor 
always has dispUy priority over both video and 
fnphics pixels. 

Tbe pattern for Ac cursor is provided by the cursor 
RAM, which may be accessed by the MPU at any time. 
The coin is positioned through the cursor position 
«V«er (Xp,Yp) (see Rfure 6), A (0,0) written to tbe 
cursor position itgisten wiO place the cursor com- 
phtely ofEKreen. A (1,1) written to the cursor position 
tepsters wiB irtace tbe loweriifht pixel of the cursor on 
the i^per left comer of the screen. Only one cursor pat- 
•m per frame is dispUyed at the location specified for 
both mtetiaced and noninterlaced display formats, 
1 regardless of the number of updates to (Xp,Yp). The 
i cursor's vertical or horizontal location is not affected 
J during any frame displayed. 

There are bo restrictions on iq)dating (Xp, Yp) other 
-than bodi cursor position rtgisten must be written when 
J the cursor location b updated. Internal x and y position 
^registers art loaded after the upper byte of Yp has been 



Brooklree* 



written to ensure one cursor paticm per frame at the 
correct location. Tlie cursor pattern is dispUyed at the 
last cursor location written. Cursor poriiioning is 
relative to ENABLE. Tbe cursor position is not 
<*cpcndent upon BIANK* (see Figure 6). The cursor 
Xp position is relative to the first rising edge of GLCLK 
when ENABLE is sampled at logical one. The cursor 
Yp position is relative to the first rising edge of GLCLK 
when ENABLE is sampled at logical one after the 
ENABLE vertical blanking interval has been 
determined (see Kgure 6). If an ENABLE transition 
from logical aero to logical one (as determined by 
GLCIJC) does DOC occur within 2048 internal pixel 
clocks, ENABLE is in vertical blanking. 

For proper cursor operation, selection of interiaced 
or oon*interiaced cursor di^lay must be set using bit 
CR23 in Command Register 2. 

Figure 7 is a visual explanation of planar pixel for- 
nEiat and cursor RAM amy pixel mapping. 

While the cursor may be disabled by setting bits 
at20>21 of Command Register 2 to lero, this practice 
is not rec om m en ded. Tlic recoimnended method for dis- 
tbling the cursor is lo move it entirely offscreen by set- 
ting tbe cursor X and Y location registers to (0,0). 



BLANK* — 

ENABLE —J 



1- ^ 
























UmU r— 
CURSOR ' L. 






Y 




AREA 










DISPLAY AREA 






OVERSCANAXEA 








FIgun 6. Cunor Petitioning. 
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Circuit Description (continued) 
Cunor ColorSupport 

The cursor has ifarw modes for color selection. Bits 
CR2I and CRM in Conunand Register 2 detennine 

•hich cursor mode is to be used. Mode 1 if a thfee<olor 
cunor. Mode 2 is a Microsoft Windows^ cursor, and 
Mode 3 is an X- Windows cursor (see TaUe 7). 
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Figures 8 and 9. and Tables 8 and 9 detail how the a 
HSYNC* and BLANK' inputs modify the 
levels. 



output 



Highlight Logic 



Th€ highlight logic Is enabled in cunor mode 2 when 
plane 1 and plane 0 data are logical ones (see Table 7). 
When the highlit logic is enabled, it ensues that the 
graphics pUel highlighted has a unique color. Hus is 
because the highlight logic bit-wise craiplements the 24 
(J8>-bit graphics palette or bypass dau timpUed to the 
DaCs. 

^ video GononMon 

W Tlje QHSYNC* and BLANK* inputs are latched on Uk 

^ nstng edge of GIXXK to maintain synchfxmiration widj 
'Urn the pixel data. 

Q Pipelined OHSYNC- and VSYNC- are output on 
^theOHSYNC-0UTandVSYNC«<5UTpins. 

CR05 command bit sped&n whether a 0 or 7 J 
- IRE blanking pedestal is to be used. Command bits 
,;L,CR04. CR03. and CR02 specify whedter the RGB 
^ou^ts contain sync information. 



SENSE' Output 

SENSE' is a logical sero if one or mote of the lOR. 
lOG, or lOB outputs have exceeded the interna! voluge 
reference level of the SENSE* oomparator circuit This 
output deteimiaes the preaeace of a CRT monitor and. 
with diagnoctic code, the diffiatace between a loaded or 
an unloaded RCffi Une can be discerned. TTje reference 

is generated by a voltage divider from die external 1J35 
V voltage reference on die VREF pin. For the proper 
operation of dw SENSE eirsuit. dK following levels 

should be qsplied to die cotnparator widi die lOR. IOC 
and IOC 

DAC Low \bttage S 260 mV (see note below) 
DAC High M)ltage S 410 mV (see note below) 

That is in additional ±10% tolerance on the above 
levels when the interna] voltage reference is used. 

OHSYNC* should be a logical zero and BLSNK» 
ihould be a logical one for SENSE» lo be stable. Tlje 
SENSE* output can drive only one CMOS load. 

Nctt: SENSE values are subject to change tqwn com- 
pletion of characterization. 



Problem. Verify if « RC3B or Single Input Monitor « connected to the RAMDAC Analog Outputs. 



Program Monitor? 

AM«tBt865 

S«tC/HSYNC**low 

SttBLANK«high 

S«tPixalMaak*tOO 

Set ROB UfT Loco « $18 

'^BtttuaR^giMf 

ffSRl^.l 

AQB Monitor 
ELSE 

Single Monftor? 
AddwaaLUTLocMO 
Set Rod 0 ACOutput • $00 
Set Qm OACOutput « tia 
S«tB«uDACOu(put-$00 
Read Statue Register 
tfSRl^.l 

Single irtput Monitor 
ELSE 

NO Monitor Sensed 
End 



rWrlfy Monitor Connection*) 
rtoggle RESET of Btsas*) 
(•Disable SYNC Curmr) 
TEneble RemOAC Outputs*) 
(*Disable exlemel Pixel IrpuT) 
C10^VX24-247mV) 
rChedc on state of SENSE**) 
rCheck for RQB Monitor connection*) 



rSet addrses regteter to program Lut Lec. 0*) 
rSet Red DAC to output Om\r) 
rSet Qreen DAC 10 output 247m\r) 
rSef Blue DAC to output OmV*) 

rCheek for Sm^ input Monllof on Qm.*) 
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BtDoklree* 

Circuit Description (continued) 



Bms 



NO SYNC 



0.714 



tYNC 



•j09 
143 




SYNC 1£VEL 



^^''^ kv?u ^ * ^"^^ *^ ^ R^W3A levels end colennces tssumed on til 



FIgum 8. Cwnpo9tt9 Vld^o Output WavtooM (SETUPS 7JIRE). 



OMerfptton 


SyneOlubM 


SyneCnobM 


CmSYNC* 


■LANK* 


0 AC Input 
CMt 


loul(mA) 


lout(mA) 


WHITE 


19.0S 


26.67 


1 




OxFF 


DATA 


dtta 4^1.44 


dauit9.05 


1 




dm 


DATA-^YNC 


tea 4^1.44 


dttft4.1.44 


0 




BLACK 


1^ 


9.05 


1 




QkOO 


BLACK-SYNC 


1.44 


1.44 


0 




OkOO 


BLANK 


0 


7.62 


1 


0 


XX 


C/HSYNC* 


0 


0 


0 


0 





Neu: 73 O doubly^oBiflited load. VREF ■ 1 J35 V. and RSBT • 147 a 



7«M» f. VMte Oi/^ Thitfi IkM* (SETUP m 7 J IRE). 
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Circuit Description (continued) 



Brooktree' 



MO SYNC 



tY*C 



»J4 



Tji2 




41 RC 




VWIt IML 



SYNC UVGl 



Noir: 75 Q doubty-tenmiuted load* VREF • 1 ^5 md RSET » U7 a RS«343 A levete tod lokraDce* assumed 
oatUleveli. 

Flgur§ 9. CompoBltB MdM Output Way^fonrw (SETUP m 0 MEA 



i 





SyncDlMMd 


SyneEMbM 


OHSYNC* 


BUNK* 


0 AC Input 
Ottt 


loiit(iiiA) 


lOift(mA) 


WHITE 


17.62 


25^ 


1 




OnFF 


DATA 


datt 


data^7.62 


1 




data 


DATA-^YNC 


data 


data 


0 




data 


BLACK 


0 


7.62 


1 




0x00 


BLACK-SYNC 


0 


0 


0 




0x00 


BUWK 


0 


7.62 


x 


0 


XX 


OHSYNC 


0 


0 


0 


0 


XX 



Nw. 75 Qdoubty-ieniiaated load. VREF* 1^ V. Md RSET • U7a 

r«M> 9. VMM Oti^ Thrift rabh (SETUP « 0 iRC;. 
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Internal Registers 
Command R§glMt9r 0 

This register may be written to or icad by the MPU at any time and is not initialized at power-up. CROO corresponds 
to dau bus bit DO, the least significant datt bit All command legister bits are set to logical zero upon assening a low 
signal on the RESET* pin. 

CRO 7 Reserved This bit must be written with a 0 to ensure proper 

operation. 



CRO 6 Qock Disable ANDed widi 

CROO 

(0) Normal Operation 

(1) Disable Interna} 
Clocking 



When this bit and CROO are a logical one, the interna] 
clock and output clocks are disabled to further con* 
•erve power when so power-down mode. The RAM 
ctQl retains the data, and MPU reads and writes can 
occur with no loss of data. When this bit is a logical 
zero, internal ciocUng is enabled and output clocks 
will be generated. 



t; 



CRO 5 



Pedestal IRE 

(0) Disable 

(1) Enable7JIRE 



Tliis bit detennines die video blanking pedestal . A log- 
ical zero always sets a 0 IRE blanking pedestal and a 
logical one sets 7.5 IRE. 



CRO 4 

3 

CRO 2 



Blue Sync Enable 
Green Sync Enable 
Red Sync Enable 

(0) Disable Sync 

(1) Enable Sync 



Tliese bits specify whether the respective lOB, lOG, or 
lOR ouqnits ate to contain sync infonnation . 



CRO 1 



CRO 0 



DAC 6/8*Bit Resolution 

(0) 6-bst Operation 

(1) S-bitOperadon 



Power-Down Enable 

(0) Normal Operation 

(1) Power-Down Operation 



This bit specifies whether the MPU is reading and 
writing 8 bits (logical one) or 6 bits (logical zero) of 
color information each cycle. 



While this bit is a logical zero, the device operates nor- 
mally. If this bit is a logical one, tfaeD ACs and power 
to the RAM and VideoCacbe™ FIFO are turned off. 
Tbe RAM slin retains the data, and CPU reads and 
writes can occur with no lots of data. 

The DACs wQl be turned off during sleep mode only if 
a voltage reference (internal or external) is used. 
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Internal, Registers (continued) 
Command R0gl$t§r 1 

Dm register may be writtea to or md by the MPU «t any time. CR 1 0 corresponds to diu bus bit D0< the least signif • 
cant data bit (see Tabk 10). AH command register bits are set to k>gica] zero upon asserting a low signal oo the 
RESET* pin. 



c«ir 


CRie 


cms 


CR14 


WfMm 

Lilchino 


BytM 
Mr 

VLCUC 


Pixm 
VLCUC 




0 


0 


0 


0 


N^A 


N/A 


N/A 


AU Video Modes Disabled 


0 


0 


0 


1 


P7«H) 


I 


2 


OCnWOIYQCbl.-OJ.OJ 


0 


0 


1 


0 


I7«H) 


2 


4 


CORWI YQQ) l.'OJ.-Oi 


0 


0 


I 


I 


P7.D(H) 
P7KXF) 


4 


8 


OOR^l YCiCb 1:0.5:0 J 


u 


1 


A 

V 


0 




1 


1 


CC1R6O] YClCb 2:1 : 1 


0 


\ 


0 


I 


P7:0(H) 
P7«G) 




2 


OCIR601 YCfCb 2: M 


0 


1 


I 


0 


P7:0(H) 
F7iKQ) 
P7KKF) 
P7«E) 


4 


4 


CaR601 YClCb 2:1:1 


0 


1 


1 


1 




2 


1 


OaR60] YCrCb 4:2:2 




0 


0 


0 


P7«H-G) 


4 


2 


OaR601YCrCb 4:2:2 




0 


0 


1 






1 


15-bitt per pixel 5:3:5 




0 


1 


0 


P7.<0(1M) 
PTHXF-E) 


4 


2 


15-bitt per pixel 5:5:5 




0 


I 


1 


!>7:0(IM) 


3 


1 


I6*bits per pixel 5:6:5 




1 


0 


0 




4 


2 


16^ per pixel 5:6:5 




1 


0 


1 


P7,-0(H-F) 


3 


1 


24-bits per pixel 


UIO-UU 








Reserved 



Tcb/gfA Moa§$0fOp4f9ilon(Vid0oPMPortConflgumtlon). 
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internal Registers (continued) " 



All comniMd «gi«er bits » to" logic! lero upon issening . low signal on the RESET- 



pm. 



m 



CR13 


CR12 


CR11 


CR10 




MUXfM* 




0 


0 


0 


0 




1:1 


VGA S-Wu per pixel 


0 


0 


0 


1 


P7.-0(A) 
FliKB) 


2:1 


S-bitt per pixel 


0 


0 


i 


0 


P7.-0CA) 
P7K)(D) 


4:1 


8-bitt per pixel 


0 


0 


1 


1 


P7:4(A) 
P3:0(A) 
P7:4(B) 
nXKB) 
P7:4(Q 
P3.-0(O 
P7:4{D) 
P3.-0(D) 


t:l 


4»btu per pixel 


0 


1 


0 


0 


P7.-0(B-A) 


1:1 


15-brtt per pixel, 5:5:5 


0 


1 


0 


1 


P7.'0(B-A) 
P7,-0(IW:) 


2:1 


15-bitt per pixel 5:5:5 


0 


1 


1 


0 


P7:0(B-A) 


1:1 


16-bits per pixel 5:6:5 


0 


1 


1 


1 


P7.*0(B-A) 


2:1 


16-bitt per pixel 5:6:5 


J 


0 


0 


0 


P7.i)(C-A) 


1:1 


24-biu per pixel 


lOOMUl 

TWikl. MM , ^ ^ 
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Internal Registers (continued) 
Command Register 2 

This register may be wnnen toorread by the MPU tt tny time. CR20 corresponds to dau bus bit DO. the least stgnif- 
icaot dau bit All cotnmand register bits are set to togical zero upon assemng a low signaJ on the RESET* pin. 



CR2 7 



Reserved Logical 0 



This bit must be %mtieQ with a 0 to ensure correct 
operation. 



CR2 6 



Reserved Logical 0 



Tilts bit must be written with a 0 to ensure cotrect 
operation. 



CR2 5 



True*Color bypass Enable 
(Oj Pixel Addresses Palette 
(1) Pixel Bypasses Palette 



When diis Ut is a logical lero, the pixel paJette is 
addressed by the pixei data. When this bit is a logical 
one, the RGB pixel dau bypasses die color palette and 
drives the DACs directly. True^olor bypassing is only 
available for pixel sixes of 16 and 24 bitt. 



If'' 



CR2 4 



4^ CR2 3 
W CR2 2 

4^ 



Oscillator Select 

(0) OSC Selected 

(1) OSC* Selected 



Display Mode Select 

(0) Nonittterlaced 

(1) Interlaced 



16-Bit/Ptxel Palette Index 
Selea 

(0) Spane Indexing 

(1) Contiguous Indexing 



When this bit is a logical zero, OSC is selected as the 
T7L pixel dock input When this bit is a logical one, 
OSC* is selected as the TIL pixel clock input 



When this bit is a logical zero, the dxsplMy format is 
noninterlaced When trit is a logical one, die dis- 
play format is interlaced. The mode must be set prop- 
eriy to ensure proper operation of the interna] cursor. 



When diis bit is a togical zero, palette addressing is 
sparse. Hie RGB color cooqionent pixel dau is 
mapped to die most significant bits of the RGB palette 
address. Tlie least significam of the palette Address bits 
are set to (0). When this bit is a logical tme, palette 
addressing is contiguous. Tlie RGB color component 
pixel dau is m^jped to the least significant bits of the 
palette address. The most significant bits of the address 
areaetto(0). 



CR2 LO Cursor Mode Select 

(00) Cursor Disabled 

(01) 5«eolorciffsor 

(10) 2<olorAiicrosoft 
Windows'** cursor 

(11) 2<color/X*Wwdows 
cursor 



Tbese bitt determine the functionality of the onboard 
64 X 64 X 2 hardware cursor. 
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internal Registers (continued) 
AeoMslnj the Extended Registers 

An extended register set is used to accommodate all 
features of the Bt885. Since (here are only four register 
select lines (and all 16 combinations have already been 
used), the extended registers must be accessed 

indirectly. 

For example. Command Register 3 is accessed with 
the following sequence of (mentions: 



Bt885 



1 Set RS3-RS0 « 0000, Address Register. 

2. Write Address Register to 0x02 

3. Set RS3-RS0 m 1010 (Extended Address 
Register). 

4. Read or Write Command Register 3. 

Table 12 shows the indirect addressing m^ing for 
each extended register. 



Addr»MR«9l«t«rVUut 




0x00 


Staou Register 1 (read only) 


0x01 


Stttus Register 2 (read/write) 


0x02 


Command Register 3 


0x03 


Command Register 4 


0x04-0x05 


Video l^^w XSTAKr-4^ A High 


0x06*0x07 


Video Window YSTART-U^w A High 


0x08-0x09 


Video Window XWIDTH-Low t High 


OxOA-OxOB 


Video Wmdow YHEIGFfT— Low St High 


OxOC-OxOD 


Reserved 


OxOE-OxOF 


Reserved 


OxlO-QxU 


XSCAL£I?OT-4x»w A High 


0x12-0x13 


XSCAL£INC-4^AHigh 


OxU-0xl5 


Reserved 


0x16-0x17 


Reserved 


0x18-0x19 


Serial dock Enable Start (Hori2onta]>-Low Sl High 


OxlA-OxIB 


Serial Oock Enabte Duration (HarizontaI)--Low A High 


OxlC-OxlD 


Reserved 


OxlE-OxlF 


Reserved 


0x20 


DIVCUC] Rate 


0x21 


DIVCLK2Rate 


0x22 


Reserved 


003*0x25 


Color Mask (Ordering » RGB) 


Cbc26 


Reserved 


0x27-0x29 


Color Key (Ordering • RGB) 


0x2A*0x2D 


Reserved 


Ox2£ 


VideoCache~ FIFO Size 


Ox2F-axFF 


Reserved 
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Command RaglMter 3 

This register may be written to « re«d by the MPU at any tiine. CR30 eomsponit to dau bus bit DO. the least signif- 
Kaat data bit. AU conunand register bits are set to logical zero upon asseniag a low sigaai on the RESET* pin. 

CR3 7 MODE01nput«)utpttt Select TTiii bit determines if the MODEO pin is configured as an 

(0) MODEO Input input or aa ouiDut 

(1) MODEO Output 



CR3 6 Enable Internal Load Clock 

(0) UseGLCLK 

(1) Use Internal DIVCLK2 



CR3 5 DIVCLK2 Select 

(0) DIVCLK2£nAbled 

(1) DIVCLK2 Disabled 



CR3 4 ECL Clock Sclcrt 

(0) TIL Level Qock 

Selected 
(2) Differential ECLLevel 
Qock Selected 



^fc CR3 



2x Clock Multiplier Select 

(0) 2x Clock MultipUer 
Disabled 

(1) 2x Qock MultipUer 
Enabled. 



CR3 2 DIVCLKl Select 

(0) DIVCLRI Enabled 

(1) DIVCLR] Disabled 



CR3 1 ,0 MSBs for KMt Address 

Counter 

CR31-A9 
CR30-A8 



In ap^ications where an external load clock is not pro- 
vided, setting CR36 « I allows tbe internal DIVCLK2. 
detennined by the DIVCLK2 Register values, to inter- 
naUy sample the gnfbicg input pixels, blanking, horizon- 
tal, and vertical sync ti^Httt. Setting CR36 « 0 causes 
Bt885 to sample these inputt on the basis of GLCLK pin. 

A logical zero must be written to this bit to enable the 
graphics divide-down dock, DIVCLK2, to be ouqwt A 
logical one written to this bit three-states the DIVCLK2 
output 

A logical one written to this bit enables the differential 
ECL clock input buffer using OSC and OSC* as inputs. A 
logical zero written to this bit disables tbe ECL clock 
buffer and allows OSC GLCLK, or the 2x clock multi- 
plier to directly drive tbe logic. If a logical one is written 
to this bit, then die clock multiplier and TIL clock selec- 
tions are overridden. If CR34 > 1, then bit CR33 must be 
set to zero. 

This bit enables or disables the 2x clock multiplier. A log- 
ical one written to this bit enables the onboard 2x TIL 
clock multiplier for high-^eed operations. A logica] zero 
written to this bit win disable the clock multiplier and will 
iliow the external clock source to directly drive the logic. 
If CR34 ■ 1 , then this bit must be set to zero. 

A logical sero must be written to tfiis bit to enable the 
video divide^kwim clock, DIVCLKL to be output A logi- 
cal one written lo this bit tfaree-ctates the DIVCLKl out- 
put If DIVCLKl Select is set to one, then the SEN output 
pin is three-stated as well. 

CR31 and CR30 are 2 MSBs of the 10-bit cursor address 
counter. To set tfiis counter to access a particular location 
in the 64 X 64 X 2 cursor RAM array* these 2 bits must be 
written to Command Register 3 before die lower 8 bits are 
written to the address counter through the MPU port As 
the 10-bit addreu counter autoincremenu, the new values 
of this register can be read back through CR3 1 andCRBO. 
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Internal Registers (continued) 

Command ReglBter 4 

Thu be •Tinea to or reid by the MPU « my time and is not initialized at power-up. CR40 eonuponds 

10 data bus bn DOttje least tigaificant daa bit All command register bits are set to logical zero upon asserting a low 
sgsal on tile RESET* pin. »- • v 



CR4 7 



VideoCache~ FIFO Reset 

(0) Normal Operation 

(1) Reset VideoCacfaeix 
FIFO 



A logical xero written to this bit. enables normal Video- 
Cache^ FIFO operadon. A logical one wiinen to tiiis bit 
resets tbe VideoCacfae~ FIFO after four video load 
clocks. 



CR4 6 



CR4 5 



Color Key Override 

(0) Nonna] Color Key 
Operttioo 

(1) Video Window Ovenide 

Set MODEO Sute (CR37 «1) 

(0) MOOEOpinlow 

(1) MODEO pio high 



Get MODEO State (CR37 » 0) 

(0) MODEO pio extenuUy 
driven low 

(1) MODEO pin cxtemiliy 
driven high 



A bgicil zero written lo dus bit, enables standard color 
Icey operation. A logical one written to this bit enables 
video based only on tbe video window. 

When CR37 » 1, this bit controls dw state of the MODEO 
ouqniL A logical one written to this bit sets the MODEO 
pin to high. A logical zero written to diis bit sets the 
MODEO pin low. 

When CR37«0, this bit indicates the state of dx MODEO 
input A logical one read from this km indicates that the 
MODEO pin is driven high. A logical one read from diis 
bit indicates that the MOI^ pin b driven high. A logical 
zero read from diis bit indicates that the MODEO pin is 
driven low. 



a CR4 4 



CR4 3 



24.bit Video Component Order 

(0) RGB 

(1) BGR 

Color Key Mode Select 

(0) BefocePaktte 

(1) After Palette 



This bit controls d»e component latching order in 24-bit 
per-pixe) video modes. 



This bit controls wbedier color key matching occurs on 
the pixel value before or after tbe palette. A logical zero 
written to diis bit selects color key matching on the pixel 
value before the palette. A logical one written to diis bit 
selects color key matching on die 24-bit RGB value after 
diepalene. 



CR4 2 VideoCache~ Unload Select 

(0) Unload Wtdiin Video 
Window 

(1) Unload from Start of 
Acdve Graphics Enable 

CR4 1.0 24.bit Graphics Component 

Order 

(00) RGB 

(01) BRG 

(10) BGR 

(11) Reserved 



This bit cottODls wbedwr VideoCache^ FIFO daa is 
unloaded only widiin the video window or at all times dur- 
ing active gr^thics enaUe. 



This bit controls die coo^nent latching order in 24-bit- 
per-ptxel graphic modes. If any odier graphics mode is 
selected, diese bitt must be set lo logical zero. 
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Internal Registers (continued) 

Pixet Read MMk R§gl$tw 

The S*bh pxd read misk register miy be wrioen lo or rud by the MPU at any tune, and is initialized to OxFF ai 
power-up. DO is the least significant bit The contents of tiiis register are bit*wise ANDed with the pixel data prior to 
addressing the color palette RAM. 

StMtUB Regl§t9r§ 1^2 

These two ft-bit status registers are provided for device identificatiofl and to monitor certain device states. They tzuy 
be read by the MPU at any tiitae. MPU write cycles to stants register 1 are ignored. DO is the least significant bit cor- 
responding to SRIO or SR20. These registers are Dot met during power-tt|^cseL 



SRI 7-6 



Chip Identification 



These bits are identification values; SR17 ■ t and 
SR16«0, 



SRI 5-4 



Chip Revision 



These bitt are revision values; SR15 « 1 atid SRU « 0. 



^ SRI 3 



MonitcK' Sense 



This is the SENSE* bit. If it is a logical zero, one or 
more of the KXL lOG, and lOB outputs have exceeded 
the internal voltage reference level (335 mV). This bit 
il used to decennine the presence of a CRT monitor 
and. with diagnostic code, the difference between a 
loaded or unloaded RGB line can be discerned. The 
360 mV reference has a dblOO mV tolerance when an 
external voltage reference equal to 1.235 V is used. A 
greater tolerance is expected lAiken an internal refer- 
ence equal to 1.3 V is used. 



SRI 



Read^rite 

(0) I^Cycle 

(1) Read Cycle 



This bit provides RD/WR status when Address Regis- 
ter 0x00, 0x03, 0x04, or 0x07 has been written. When 
Address Register 0x00 or 0x04 has been written, the 
device is in the write mode and this bit is a logical 
zero. When address register 0x03 or 0x07 has been 
written, device is in the read mode and this bit is a 
logical one. 



SRI 1-0 RGB Component Counter 

(00) Red Color CoofMoent 

(01) Green Color 
Component 

(10) Blue Color Co mp onent 



When read, these bits reflect the color component 
address for the next RD/WR cycle when accessing the 
paktie, cursor color registers, or overscan register. 



SR2 7 



VideoCache^ FIFO Under- 
flow 



Reading this to u a one indicates that VideoCache™ 
FIFO underflow occurred. Reset by writing any value 
to Status Register 2. 



SR2 6-0 



Reserved 



These bits will always be read as zero. 
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\ntl0O window XSTAftT 

Vilio Window XSTAKT is t IZ-bh register dut stores 
the surting X positioD on the screen far a video win- 
dow. A value of zoo indicates Out the video window 
begins in tlie first (leftmost) pixel of each horizontal 
scan line. 

Vld0o Window YSTART 

Video Window YSTART is a 12-bit register Aat stores 

the starting y position on the screen for a video window. 

A value of tero indicaies that the viiteo window begins 
on the first active graphics scan line. 

Video Window XWIDTH 

Video Window XWIDTH is a 12-bit register that stores 

^number of pixels per scan line within the video win- 

^ A value of tero indicates that no pixels are in the 
y video window. 

J Video Window YHEIGHT 

2 \Tdeo Window YHHOHTis a 12-bit register that stores 
^ the number of scan lines within the video window. A 

^ value of zero indicates that no scan lines are within the 
% Video window. 

I X$CALElNlT(LowAHlgh) 

@ XSCALEINrr are 12-bit registen that store the initial 
term for the hohxontal scaler 

XSCALEINC (Low A High) 

XSCALHNC are 12-bit registers diat store incre- 
ment term for the horizontal scaler. 



SeriMt Clock Enable Start 
(Horizontal) 

Serial dock enable start (horizontal and vertical) are 
12-bit registers that store the number of scan lines and 
DIVCLKl cycles before enabling the external clock 
gate, starting at the leading edge of HSYNC* for the 
boriswtal direction and the leading edge of the inter- 
nally feaeiated VSYNC* for die vertical direction. 

Serial Clock Enable DurmUoh 
(Horizontal) 

Serial dock enable duration (horizontal and vertical) 
are 12-bit registers dut store die number of serial shift 
clock cycles to be generued per scan line in units of 
DrvOJCl cycles for die horizontal direction, and in 
unitt of scan lines for die venieal direction. 

DIVCLKl and DIVCLK2 Rate 

DIVOKl and DIVajC2 rate are two 3.btt registers 
diat control die divide rate of die tree running DIV- 
CLKl and DIVCLK2 divide-down clocks, respec- 
tively. The divide-down ratios need not be die sane as 
die input mux rue: 

(000) . 1:1 

(001) -2:1 

(010) . 4:1 

(011) . 8:1 

(10(^1 11) -Reserved 

VldeoCaehe^ FIFO Size 

This register indicates die lengdi of die VideoCache^ 
FIFO buffer in 16-byte unitt. This is a read-only 
register. 



33 

at: 0: egg. 




Cur9or(x,y)R0glsters 

These registen ve used to spcafy the (x^) ooordi- 
■ate of the 64 X 64 X 2 hadware cunor. Tlje cursor (X) 
register is made q> of the cursor (x) low icgister 
(CXLR) and the cutmt (x) high register (CXHR): the 
cursor (y) register is nude q) of the cursor Cy) low legis- 
«er (CYLR) and the cnsor (y) high register (CYHR). 
Hie last value written by die MPU to tiiese registers is 
die value returned on a read. Iliese registers nay be 
written to or read by the MPU at any time. 

CXLR and CXHR are cascaded to fbrn « 12-bit cnr- 
•or (X) register. Similarly. CYLR and CYHR «e cas- 
a^to form a 1 2-bit cursor (y ) register. Bitt D4-07 of 

CXHR and CYHR are ignored and should be written as 

zeros. 

_ The cursor (x) value to be written is calculated as 
id' foUows: 

y Xp « desired display screen (x) position ♦ 64 

wbcrc the (X) rcf«nce poim for the di^^ 
^ 0, u the i^jper left comer of tbe screen. Tlie Xp position 



equation places the upper lefthand comer of the cursor 
Ram amy to the desired screen location. This allows 
the cursor position to be defined in the same coordinate 
q»ce as the screen. 

Values from 0 to 4095 may be written into the cursor 
(X) register. UXpt$ equal to zero, the cursor will be 
entirely oi&aten. 

The cursor (y) value to be written is calculated as 
foUows: 

Yp ■ desired di^lay screen (y) position + 64 

where the (y) reference point for die display screen, y « 
a is the tipper left comer of the screen. TlK Yp position 
equation places the upper left comer of the cursor RAM 
«fTay to the desired screen location. TWs allows the cur- 
sor position to be defined in the same coordinate space 
esthescreen. 

Values ftom 0 to 4095 may be written into the cursor 
(y) register. If Yp is equal to zero, the cursor wiU be 
endrely oihcreen (see Cursor Operation in the Circuit 
Descripdon secdon). 
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s 



R«9tetirNam« 



CoflunandReiistcrO 



CommindlUiiiterl 



Cofflmtod Register 2 



Coounaod Regiiter 3 



CofnmtndRegiiter4 



\^ Vmdow XSTART— Low A Hi|b 



Video Window YSTART-Low A High 



Video Windw XWIDTO—Uw Jk High 



Video Window YHEIGHT-Low 4 High 



XSCAI£INrr-Low A High 



XSCALEINC-4^*Htgh 



Send CteckEaabk Sun (Hofuontt])-4w A High 



Seriil Clock Eiuble Sun (Venical>-Low A High 



Color Key 



FIFO Size 



Color Pikae RAM 



nxelReadMttk 



Otnor Colon 



Ovcncen Color 



OffurXY 



Otnor RAM inty 



ftM«tValu« 



Noc Initialized 



Not Initialized 
Not Initialized 



Not Initialized 



Kotlnttiaiized 



Not Initialized 



Not Initialized 



Serial Oock Enable Duntion(Hocizomal)-^LowJk High I Not Initialized 



Not Initialized 



Serial aockEnafateDur«tioa(\faiical>--Low A High | Not Initialized 
DIVCUClRate 
DIVCLK2Rate 
Color Mask 



0x32 



Not Initialized 
QkFF 



Not Initialized 
Not Initialized 



Not Initialized 



Notlntdalized 
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MnNamt 



D#<cf1ptkifl 



RESET* 



ENABLE 
(Cooipositc 
DispUy 
Enable) 



72 



98 



ODD/EVEN" 



95 



^In osc, 

i^OSC* 



"DrVCLKl 



DIVCLK2 

FIFO RESET* 

CLCLK 
VLCLK 



131, 
132 



127 

12S 

14 

130 
13 



Reset input (TIL cc»npstible). When this ngnil is low. ail the command register 
bits aft taitUiized to lero and the device is in VGA mode. 

Composite blank cootrol input CTILeoB^atibk). A logical zero drives the anaiog 
outputt to the blanking level as specified in Ftgures S and 9. It is latched on the 
hsing edge of GLOJC When BU^* is a logical teto, the pixel inpuu are 
ignored. 

Oocnposite dispUy coabte control if^Ntt cnLoompatibk). The state of this si 
and BLANK* determines whether the aaak)! ooiputs are blanked or 
aor color, pixeL or ovencan data. Ttits si^ is latefaed on the rising edge of 
GLCUL If overicanning is not tised. diis pin afaoold be tied to BLANK*. T)ie fol- 
lowing table lists the cofflbtnatioos of ENABLE and BLANK*: 



ENABLE 


BLANK* 


OpcrttUoii 


X 


0 


Video Blanking 


0 


I 


OveTKanDau 


1 


1 


Cursor Color or Pixel Dau 



OddAevcn field input (TTL compatible). Tikis cigna) should be changed only dur- 
ing vertical blanL This input is used to ensure proper operation of the onboard 
cursor when interlaced operation (command bit CR23 « I ) is selected. When this 
signal b a lopcal zero, an even fiekl is specified. When this signal is a logicai 
one, an odd field is sp e cifi ed. Tins input t« ignored if noninterlaced operation 
(command bit CR23 s 0) is sdected. 

Fixe! clock input (ECLTTL compatible). This ii^ is an ECL<ompatible i^ 
but a TIL clock may be used on either OSC or OSC* if selected by (304 in 
Command Register 1 (CR34 > 0). It is recommended that all clock inputs be 
driven by a dedicated buffer to avoid reflectioo^induced jitter. In 1:1 mode 
DlVdJC « OSC or DIVCLK « OSC*. 

Fteie buflfer shift ctock outpu (nL coci^bte). TlM signal on 
10 the selected pixel dock divided by 8. 4. Z or L d^etiding on the selection in 
the DIVOJCI rate register This output has low drive capabOtty.DIVCLKl and 
DIVCLK2 are opposite phases. 

Fnune buffo shift clock output (TTL compatible), llie aig^ 
10 deselected pixel clock divided by 4, 2, or L d^ending on the selection in 
the DIVCLK2 rate register: Hbs output has k>w drive capabUi^. DIVCLKl and 
DIVCLK2 are opposite phases. 

A Mgh vahie applied to this pin enables normal ^deoCache^ FIFO opentiott. 
Ahbough FIPQ RESET* is level sensitive, a trmsitioo from hi|^ to low on this 

pin and should be kept low f or at kast 2 VLOJCs in ofte for the VtdeoCadK^ 
FIFO to be property leseL 

Graphics port input load dock (TTL compatible wjdt hysteresis). Use rising edge 
of this signal latches P7:0 (A-D), BLANK*. ENABLE, HSYNC*, and VS YNC*. 

Video pon input load clock (TIL compatible with hysteresis). Tbe rising edge of 
this signal latches F7K) (Er4i). 
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Pin Namt 


VO jplni 


Description 




P7:0 (A-H) 


I 


See Pin ftxcl port inputs (TIL compatible). Hkis pon ctn be used in vinous modes ts 
Duj riiownwTible$10tndll,fbrvi<teo«ndarfriphiainpuL ""wcs is 




VALID 


I 


15 


Video pOR tnpm pixd daa vilid signd (HL compatible). 




READY 


0 


12 


Video pon input pixel data itady signal (TILcompttibte. low drive). Hiis sicna] 
can be synchronously sampled using the rising edge of VLCLK. Tliis sitnil 
1 cnan£esonly foUowinff irisiA0«iff#ofVi/^ IT 






0 


n 


VtdeoCacfae™ FIFO hilf-fuU or greater signal. (ITL compatible, low drive). 




SEN 


o 


1 126 


uivixKi ganag eooml ofaal (ITL oompaoble. low dnve). It may be used to 

exteiMlJy |«e djc DIVOJCl og«p« lo geaeiitt » iited ve^ 

BIMl chinges oirfy duriBf DIVOJCl low toika. The ^ 

the pulK oain Buy be prefTifflfiied ftlaiive 10 the kadifls edM 
intenuUyiencnjedVSYNC x-^irn- mo 




VRESET* 


0 


2 


«« dgnil OIL compatible, low drive). Ito agnal » ge^ 
JjJ^J^^g^ taKW the itan of ead> fiame. TTiu 


=^ 


MODEO 


I/O 


9] 


G«wal piapoM registered mputAwpot OTLcompatib 

SetecaoB of mput or output is made ttsiiig CR37. Must be bed high with a lOK oul- 
hjpreasiot 


#^ 


MODEl-3 


I/O 


129. 
111. 


Reserved for future expansioa Must be tied high with a lOK puUup lesistoc 




WR« 


I 


73 1 


Write control iiip« (m eompatibfc widi bysteitsis). D0>O7 dau is latc^ 
najl edge of WR« and RS0-RS3 are latched 01. the Ming edge 
MPU wnie operatioiu. W)» and WR- should iiot be assened rimultan^ 






I 


74 


RMd contrrt inp« (m eonvatible widi hysteresis). To read dau from ^ 
RD- nm be a logical zero. RS(V«S3 are latched on the falling edge of RD« 

during MTO read operaiioos. RD- and WR» abouW not be assenedsiniultanew 




RSCMU3 


I 


75-78 


opeiatMo being petfbnned. as specified in Tkbles 1 and X 




D(M>7 


I/O 


83-^ 


?S S-^*?^''''^ ''^ •* ""l o« device 
S-mtbidinciiooal data bus. DO is die least significant biL 




SENSE* 


0 


71 


of die K»t lOG. and lOB analog ouput levels is above die imemal compantor lef - 
erenceefSSOfflVtSOnV. "wnuswnpKmioriw 




lOR, lOG, 
lOB 


A,0 


55, 
58. 
61 


R«d, peen. and bhw cmtm outputs. Tbeae higfa.impeduee cunent souices can 
datctiy drive a doubly^enainaied 75 Q eoaxlal cable (see die PC Board Uvout 
Cocisiderwions section forftiitberiafonBttioaX 
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Brooktree' 



Pln« 



OMcrlpUon 



OHSYNC* 
VSYNC 



HSYNCOUT*. 
VSYNCOUr* 

FSADJUST 



97 
99 

48.49 
S2 



AJ 



iff 



VREFOUT 



VREFIN 



A,0 



AJ 



68 



67 



COMP 
GND 



A,0 
G 



SeePia 
Dug 

See Pin 
Ditg 



Hohzooui or ootnposite sync control input CTTL compatible). 

Vertical sync control input (TFLcotnpatible). litis tigna] is pipelined to 
VSYNCOUT*. 

Pipeline delayed borizoocal and vertical lyoc control signaU. 



FuU-scak adjust control. The IRE relationships in Figures I and 9 are maintained, 
regardless of the fuU^scaie output 



When an external or the itttenalvohagerefiereDce IS used (see Figures lOand 11 in 
the PC Board Layout ConsideratiOQsaectioo). a resistor (RSET) connected 
between this pin and GND cootroU the magwinidr of the full*scale video signal. 
Ibe relationship between RSET and the full-scale output current on each output is: 

RSEr(Q)«iC« 1.000 'VREFOO/ lout (mA) 

R is defined in tiK table below. It is recommended that a 147 n RSET resistor be 
used for doubJy-terminated 75 Q loads Ox., RS-343A applications). 





•yncEMbM 


SyneDtMbM 


6«tup 


OIRE 


74 me 


OIRE 


74 IRE 


K(»-bft) 


1888 


3.0S5 


2,045 


2.207 




3.000 


3.170 


ZlOO 


2.260 



K values are subject to change upon completioo of characterization. 

\bhagertference output Hiisoutput provides a lJV(typical) reference and may 
be connected diitctiy to the VREFIN pin. If the oo<hip fcference is not used, t^ 
pin may be left floating. See Figures tOand 11. 



Vohage re fe ico cc iyut If an external vohage ieto enc e is used (Figure 
supply this input with a l^V (typical) reference. A 0.1 |iF ceramic capacitor must 
be used to decouple this input to GND, as shown in Figures 10 and n.Tbedecou- 
phQg capacitor must be as close to the device as possible to beep lead length 
abs^ute minimum. When the iotemal reference is used, this pin should not drive 
any external drcuttry, other than the decoupling capacitor (Figure 10). 



Compensation pin. A 0.1 uFcenmiceapaeifior must be used to bypass this pin to 
die nearest VAA pin. ne COMP capacitor must be as close as possible to the 
device 10 keep tead lengths to an <bsotate minimum The compensation capacitor 
t be cooneeted with short wide traces. 



Analog power All VAA pins must be oooneeted to the same analog power plane. 



Analog ground. AD (jND pins must be connected to die same common ground 
plane. 
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IS 



MuaC 

•6.C 



Itiif iiiiinininiliHilHltsilKBssBBsBll 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



|t«tfcs«est|||||{||(|ttiitittisBtt6atstts 



m 
m 

tr 



II 3 mi 
T»] Mr 

1*3 «M 

• 3 «u 

«r3«w 
m3 «u 

• 3 «IM 
••3CBIP 

• 3 IMA 
■ 3 V*A 
•1 3 <M 

• 3 «o 
i^3«« 
••3 ea 
■r3 •« 

«3 ox 
mo 

•3 
-3 

3 



-3 

•^3 

«'3 M 



tstesct%«tKfi«ci«tfiittsa««iib««f 



uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu 



*• 3 HC 
«3 M 

3« 
3m 



Sote: All pins mtfked NC tre lecerved for Amtre «^uisk»& and MUSTbt left floating. 
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PC Board Layout Considerations 

PC BoBrd Con$ld§ntion3 

The layout should be optiinized for lowest noise on 
ibc Bt885 power md gnHiod planes by providins good 
decoupling. The trace length between groups of VAA 
and GND pins should be as short as possible to mini- 
inixe inductive ringing. 

A weO-designed power distribution network is criti- 
cal ID eliminating digital switching noise. The ground 
plane most provide a low-impedancc return path for the 
digital drcutts. A PC board with a mfwjtn gin of four lay- 
en is noommended, with layers 1 (top) and 4 (bottcnn) 
for signals and Uyen 2 and 3 for ground and power. 

CompoMnt PlMcem^nt 

g Components ^Id be placed as close as possible to die 
fl associated CacheDAC~ pin. Whenever possible, com- 
m be placed so trices can be connected 

point ID point 

j| The optimum layout enables the Bt885 to be located 
m «s close as possible to the power supply connector and 
the video ouqwt connector 

# 

J" Ground PiMnes 

%|ror optmxum performance, a conunon digital and 
pbg ground plane is highly recommended. 



WPOWWPlBMM 



||Sep«tc «gital and analog power planes are recom- 
mended The digital power plane should provide power 
to all digital logic on the PC board and die analog 
power plane should provide power to aU Bt88S power 
pins, VREF circuitry, and COM?. Tliere should be at 

least a l/B-inch gap between the digital power plane and 
die analog power plane. 

The analog power plane should be connected to die 

power plane (VCO at a single point drough a 
iemte bead, as ilhtstrated in figures 10 and II. Tbis 
bead should be located within 3 inches of die BtSSS. 
The bead provides resistance to switching currents, act- 
»<« a resistance at high frequencies. A kw-resistance 
^ «teuld be used such as Ferroxcube 56S9065.3B. 
TDK.HF30ACB3216nT, or TDK BF45-4001 



Brooktree- 



Device Decoupling 

For optimum performance, all capacitors should be 
located as close as possible to die device, and die short- 
est possible leads (consistent widi reliable operation) 
should be used to reduce die lead inductance. Chip 
capactton are recommended for minimum lead induc- 
tance. Radial lead ceramic capaciton may be substituted 
for chip capacitors and art better than axial lead capaci- 
tors for selfKesonance. \Uues are chosen to have sclf- 
itsonance above the pixel clocL 

Power Supply Decoupling 

The best power supply decoupling performance is 
obtained widi a 0.1 jiF ceramic capacitor in parallel 
widi a 0.01 chip capacitor decoupling each group of 
VAA pins to GND. Tbe capactton should be placed as 
close as possible to die device VAA and GND pins and 
connected widi shoa wide traces. 

Tlie 10 mF capacitor shown in figures 10 and 11 is 
for low-ftequency power pipply ripple; die 0.1 >iF 
capacitors are for high-frequency power sttpply noise 
rejection. 



COMP Decoupling 

The COMP pin must be decoupled to VAA, typically 
witfi a 0. 1 nF ceramic capacitor and cpdonallS Q resis- 
tor. Low-frequency supply noise will require a larger 
value. Tlie COMP c^iacitor must be as close as possible 
to die COMP and VAA pins. A surface-mount ceramic 
chip capacitor is preferred for minimal lead inductance. 
Lead inductance degrades die noise it^ecdon of die cir- 
cuit Short, wide traces will also reduce lead inductance. 

If die dispUy has a ghosting problem, additional 
capacitance in parallel widi die COMP capacitor may 
help. 



VREF Decoupling 

AO.l mF ceramic c^adtor should be used to decouple 
this input to GND. 
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PC Board Layout Considerations (continued) 



OigttMl signal lnt0rconn§et 

The dj^uJ inputs to the Bt885 should be isolated as 
vuch is possible firoo the aoatog outputt and ocber «^ 
\o$ circuitry. Also, these ii^ signals should not over- 
lay the analog power plane or analog output signals. 

Most of the noise on the analog outputs will be 
caused by excessive edge rites (less than 3 nsX over* 
shoot, nndersbooc and ringing on ifae digital inputs. 

The digital edge rases should not be faster than neces* 
sary, as feedtfarough noise is proportional to the digital 
edge rates. Lower-speed i^Ucadons will benefit from 
using lower-speed logic (i-5 ns edge rates) to reduce 
data-related noise on the analog ouqxns. 

Transtnission lines will misnutdi if the lines do not 
match the source and destination impedance. TUs will 
degrade signal fidelity if the line leflgdi reflection time is 
greater than one fo^mh the signal edge time (refer to 
^,Brooktre« Application Notes AN-U and AN«12). Line 
'^termination or line-length reduction is the aohttion. For 
V^example, logic edge rates of 2 ns require tine lengths of 
l Uiless than 4 inches without use of termination. Ringing 
'Hpuy be reduced by dan^g the line with a series resis- 
^g^or (30-300 Q). The RS-sclect inputs and RD*/WR« 
I f^^nes must be verified for proper levels widi no ringing, 
;=?jindershoot, or overshoot Ringing on these lines can 
'ff' cause im pr oper operation. 

' Radiation of digital signals can also be picked up by 
the analog circuitry. This is prevented by reducing the 
l^^gital edge rates (rise/fall timeX fflinimizing ringing 
\Q}nth damping resistors, and minimizing coupling 
H^through PC board capacitance by routing the digital sig- 
i^Qals at a 90 degree angle to any analog signals. 
J^^: The clock driver and all other digital devices must be 
J^equately decoupled to prevent noise generated by the 
'"i^igita] devices from coupling into the analog circuitry. 

TTL Clock IntBrtuolng 

The BtS85 requires a pixel clock with moooionic clock 
edges for proper operation. Impedance mismatch on the 
pixel clock tine will induce reflections on the pixel 
clock, which may cause enatic operation. 

Tbe Pixel Clock Pulse Vidth High Time and Pixel 
Clock Pulse Width Low Time iHtwimtm^ qwdfications 
(see ^ AC Characteristics section) must not be vio- 
lated, or erratic operation can occur. 

The pixel clock line must be teimtnated lo prevent 
impedance mismatch. A series termination of 33-48 Q 
placed at the pixel clock driver may be used, or a paral- 
lel termination may be used at the pixel dock ii^ut to 



the CacheDAC™. A parallel termination of 220 H to 
VCC and 330 Cl to ground will provide a Theveoin 
equivalent of a 110 H termination, which is normally 
sufficient to absorb reflections. Ibe series or parallel 
resistor values should be adjusted to provide the opti- 
mum clock signal fidelity. 

Dlff0nntlal Clock Int§i1aelng 

Termination requirements for differentia] ECL clock 
sources will vary dqwrnding on the particular clock gen- 
erator used. 



MPU Control Signal Intarfaclng 

The Bt885 uses the RD*, WR*, and RS lines lo deter- 
mine which MFU accesses will take place. Glitches or 
ringing on any of these lines may cause improper MFU 
operation. When a VGA oootrollcr with edge rue con- 
trol is used on diese lines, a series termination is not 
necessary. In non-VGA controller ^iplication or in 
applications where the MPU control signals are daisy 
chained, a series termination, pull-down resistm. or 
additional capacitance u> ground should be used to pre- 
vent glitches that could cause improper MPU accesses. 

Analog Signal Intarconnact 

The Bt885 should be located u close as possible to the 
output connectors to minimize noise pickup and reflec- 
tions caused by impedance mismatch. 

The analog outputs are susc^ble to crosstalk from 
digital lines; digital traces must not be routed under or 
adjacent to the analog ouq;Htt traces. 

To maximize the higb-finequency power supply rejec- 
tion, the video output signals should not overlay the ana- 
log power plane. 

For maximum perfocmaooe, the analog video ouqntt 
impedance, cable impedincf, and load impedance 
should be the same. Tbe load resistor eoonection 
between the video outputs and GND should be as close 
as possible to the Bt885 to mtniffltxe reflections. Unused 
analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT ffloni* 
tor bandwidth can be reflected, producing cable-length 
dependent ghostt. Simple pulse fihers can reduce high- 
frequency energy, reducing EMI and noise. Tbe filter 
impedance must mftch tbe line iiqwdance. 
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The Bt885 OMlog output tbwU be pmectad •(•inst 

higb<iier» <li$ch»ge$. luch as thoie frtm BK»ltor «- 
over or from bot^swhcfaiag AC-cot^Ied mooiton. 

The dk>de protectioo ciiaiit shown in Figures 10 «Bd 
II can prevent luOntp under levere dischafge coodi* 



tioos without adversely degrMliog analog innsition 
limes. The lK414g/9 pans ait k>w<^Meitance, fast- 
•witduBg diodes, which are also available in multiple- 
device packages (FSA2S0X or FSA270X) or surface- 
mountable pain (BAV99 or MMBO7001). 



m 



♦ •VfVCC) 




b f cftpu on 



VMorPiftNimS; 



C22 
L2 

R4 

RSET 



lOitFoipMstor 
fcRitebead 

75 fi ]% fflecal film fcsistor 
15 Q 1% neti] film resistor 
1« metal film lesistor 



MillofyCSRI3G106KM 

TDKHF30AC8321611T 

DakCMF-55C 

DaleCMF>55C 

MtCMF-SSC 
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PC Board Layout Considerations (continued) 



Bms 



*fV(VCC) 




© 



OACOuVM 



VAA 



1*M14t/f 



QNO 



Locttion 



b^tchption 



C22 
LI 

Rl.iaR3 

R4 

R5 

RSET 

Zl 



v!^^^^cnnttc capacitor 
10 mF capacitor 
toriiebead 

75 Q 1« neul film rtstttor 
I Kn 5% metal Aim resistor 
15 Ol« meal film resistor 
1« metal film resistor 
UV voltage reference 



MalloryCSR13G106KM 

7t>KHF3flACB3216nT 

OalcCMF.S5C 

DakCMF-55C 

DaieCMF-55C 

DaleCMF.55C 

National Scmicoodttctor LM385B2^1.2 



Figure 11. TifplcBt Connection Dl^grmfi Mnd PmrtB IM (Ejctonmt Vohog. Rcforonco). 
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Application Information 
Using Multiple DsvIcbb 

When inuldple Bt885s an used, etch B(885 should have 
• its own power plane ind fenite bead. If (be intenul tef- 
creoce is used, each Bt885 should use its own iatenul 
reference. 

Although the multiple Bt885s may be driven by a 
comiDon externa! voltage/cuntnt reference, higher per* 
formaace may be obtained if each CacheDAC^ uses its 
own reference. This will reduce the amount of color 
channel crosstalk and color paktxe interaction. 

Each Bt885 must sdU have its own RSET resistor, 
analog ouqnit termination fvsistors, power $upp\y 
bypass capacitm, COMP capacitor, and reference 
capacitors. 

If ESD Bnd Latehup Considerations 

Q Correct ESD-sensitive handling procedures are required 
%| to prevent device damage, whi^ can produce symptoms 
^^of catastrophic failure or envic device beha^or with 
1^ leaky inpuu. 

Ik 



All logic inputs should be held low undl power to the 
device has seoled to the specified tolerance. DAC power 
decoupling networks with large time constants should 
be avoided. They oouM delay VAA power to the device. 
Fenite beads must be used only for analog power VAA 
decoupling. Inductors and regulaton cause a time con- 
sum delay that induces latchup. 

Latdiup can be prevented by ensuring that all VAA 
and GND pins are at the lame potential and that tite 
VAA supply voltage is ^>plied before the signal pin 
voltages. The conect powermp sequence ensures that 
any signal pin voltage will never exceed the power sup- 
ply voltage by moct than ^CS V. 

Sleep Opention 

When the internal or external voltage reference is used, 
(be DACs will be ooned off during sleep mode. 

When an external voltage reference is used, tome 
intenul circuitry will still be pow ered during the sleq> 
mode. This unnecessary current drain can be disabled by 
turning off the external voltage reference during power* 
down mode. 



1^ 
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Recommended Operating Conditions 





Symbol 


MIn 




Max 


UnKs 


Power Supply 


VAA 


4.75 


5.00 


3.25 


V 


Affibieot Opentinf Tempencurt 


TA 


0 




*70 


•c 


OurpuiLoid 


RL 








Q 


yoitMgt Refcrtaoe Conil|untion 
Ref ereoce Vokife 


VREF 


1.1112 


1^5 


U59 


V 



Absolute Maximum Ratings 





Symbol 


IHn 




Max 


Units 


VAA (measured to GND) 








7.0 


V 


Voltage on Any Signal Pin (f4oce 1) 




GNIM).5 




VAA ♦ 0.5 


V 


Analog OutpufSbon Cuniit 
Duntioa to Any Power Supply 
or Common 


ISC 




tndefinitt 






Storage Temperuurc 


TS 


-65 




^150 


•c 


Juncuon Tempennne 


n 






<fl50 


•c 


Vapor Phase Soldering 
(1 minute) 


TVSOL 






220 


•c 



S^^.llf^'^ ?f* "^'"^ 

™ti^r.?^- ' «f«^«» «rf the device « these or My ocher conditions above those listed in the 

op«auonaJ senions of thu ipeoficuioa is not inpUed. Exposure to ibsolute maxinuim ntins conditions for 
extended periods may affect device leliabUiQr. w 

voiuie 00 any ii^ pm thii exeert tl« power supply voltije by more thai 4<W V ein cause deaiu^ 
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DC Characteristics 







Symbol 




•VP 


Max 1 Units 




Acofficy (each DAQ 
Ixsegral UoearityEnor 

OlffSEfUlA] UfflMritV P«vw 

Gny-SctkEnDT 
MocMXOQidty 


IL 
DL 


8 


8 

Guanuttced 


a 
e 

±1 
±1 

±5 


LSB 
LSB 
*Gray 
Scale 




Digiui Inpau 

lapot Hifh Vsitage 

Input Low Vbkage 

Input High Ckincm (Vu • 24 V) 

Input Low CttffBU rViA ■ 0 1 \n 

Input Capadtvice 

(v«lMHi,Vin«ZiV) 
Hyooesis 


vm 
vn. 

OH 

UL 
ON 


2.0 
CND-03 


OJ 


0.8 
TBD 
TBD 

7 


It 

V 

V 
HA 
HA 
pF 

V 




OSOOSC^ECL 
Differemul Inputs 
Input High Vbtttge 
Input Low Voluge 


AVin 
VIH 
VIL 


0.6 
VCC.l.l 
VCC.2 




vcc-a8 
vcc-u 


V 
V 
V 


%S 
i-^ 
II ^ 


Dtgita] Outputt 
Output High Vohtge 

aOH«-400aA) 
Oxtput Low Vbltage 

aOL»3^ mA) 
Tfaree-Sute Current 
Output Capacitance 
Load Capacitance 


VOH 
VOL 
lOZ 

CDOin- 

CL 






0.4 

10 
7 
10 


V 

V 

MA 
pF 
pF 











See test oonditsoos on next page. 
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DC Characteristics ^continued) 



Bt885 





SymM 


MIn 






Units 


^affiau— C^bal^ ^^^^^^^^ Baa.__- 

uny*^caie untot Rifife 
CKitput Cuntm (Suadsrd RS.343A) 

White Level ReUcive to BUdc 

Black Level Rektive to BUnk 
SETUP* 7J IRE 
SETUPbOIRE 

BlinkLevd 

Sync Level 

LSB Size 
DAC-to-DAC Mttcfaing 
Output Compliance 
Oitput Impedance 
CXitpui Capacitance 

(f«lMHi,IOUT«0mA) 


voc 
RAOUT 
CAOUT 


15.86 

0.95 
0 

6^ 
0 

-1.0 


17.62 

1.44 
5 
7^ 

S 

69.1 
2 

10 


20 

115 

1.90 
50 

50 

5 
flJ 

10 


mA 

mA 

mA 
UA 
mA 
HA 
UA 
% 
V 
kQ 
PF 


Onboard VREF (Note 1) 


VREFOUT 


IBD 


TBO 


TBD 


V 


Vbhaje Reference Input Current 


IVRIN 




tbd 


tbd 




Power Supply Rc;yeaio& Ratio 
(COKfP«0.1|iF,f«IkH2) 


PSRR 






0.5 


ft/%AVAA 



id 

I T«i '^^^^^"^J^^*^ ««n(l«d «deo -mill (unku o(herw» ipedfied): Iteccmmeaded Openiiw Conditiooi" 
- <w««»«ft>U«e»perKu« range, 

^ When the imenul yohaie teferenee is uied. RSET may require adnisniem to aeattew Hmiti Abo. ihe -tny^u-' 

I level «l«iv.«,bi^)*iUh.^,JSj«2IS^ ""P"'""- 

^ When «he <tevice i» m ihe W»t iwxte, the o«pw kveU « epproximBd 

gJWow/: Onbo«dVREFnttmbeniubjeaioch«igeupoo«aipletiooofch«ncterix^ 
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AC Characteristics 



Brogtoee 



Symbol 



OSCOSC*AllMttxRjtes 



Fmax 



RSCMtS3 Setup lime 
RS(MIS3 Hold rune 



RO* Auened io Da-D7 Driven 
RD* Assened 10 00-07 \^ 
RD* Negated to D0-D7 VSciied 
Read 00-07 Hold Tune 



mtt 00-07 Setup Hme 
Write 00^7 Hold "Hmc 



RO*, WR« Pulse Wdth Uw 
RD«, WR« Pulse Width Hi(h 



GUXK Rites 
8:1 MuhipiexiQg 
4:] Multiplexing 
2:1 Multiplexing 
1:1 Multiplexing 



Gfliu 



IIOIIKzOtvicM 



Min 



^ Max Unttt 



110 



MHz 



10 
10 



ttS 



40 

30 



ns 

lU 

ns 



10 
10 



ns 

ns 



50 

6* pixel clock 
penods 



ns 
ns 



VLCUCRate 



Vraax 



OrvCLXl. OrVCLX2 Rates 



Dmax 



OSC OSC« Cycle Tunc (Note 1) 
AU Mux Rates 

OSC. OSC* Pulse Width High 

All Max Rates 
OSC OSC* Pulse Width Low 

AUMux Rates 

Outy cycle of Selected Pixel Clock 
When dock Ooubler Enabled 



11 
12 
13 



GLOJCCycleTime 

8:1 Muhtplexiqg 

4:1 Multiplextng 

2:1 MultiplextQg 

l:lMuldplexiag 
CLCLK Pulse High 

8:1 MuUplexiQg 

4:1 MultiplextQg 

2:1 MuldplexiQg 

1:1 Multiplexing 
GLCUC Pulse Width Low 

8:1 Multiplexing 

4:1 MultiplexiQg 

2: 1 MultiplextQg 

1:1 MultiplexiQg 



14 



15 



16 



13.75 I MHz 

27^ MHz 

55 MHz 

90 i MHz 



85 



MHz 



55 



MHz 



18.18 
ttxl 
tbd 
45 



55 



ns 
ns 
ns 
% 



72.72 
3636 
1818 
11.11 



Te« conditions at end of this 



ns 
ns 
ns 



ns 
ns 
ns 
ns 



ns 

ns 
ns 



section. 
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AC Characterisncs (continued) 



Bms 



VLCLK Cycle Time 
VLCLX Pulse Width High 
VLCLXPuUeH^idtfaLow 



DrvOJCl. DIVCLK2 Cycle Ttnie 
DIVCLXl. CHVCLIC2 Duty Cycle 



Gnphicft Dttt Scop 10 GLOJC 
Gnphia Dtta Hold from GLCLX 

Dttt Setup to GLCLK 
ENABLE, BLANK", CHSYNC*. 
VSYNC* 

Dau Hold to GLCLK 
ENABLE, BIANK*. CHSYNC". 
VSYNC* 



Video Dau Setup to VLCLK 
Video Dtti Hold froin VLCLK 



VALID Setup to VLCLK 
VALID Hold £rom VLCLK 

VLCLK to READ Y Valid 

DIVCLKI to SEN VaUd 

RFO Reset PttUe Width 



Analog Output Delay 
Analog Output Rise/Fall Hme 
Analog Output Settling Tliae (Note 2) 
Clock and Dau Feedttoougb (Note 2) 
GUtch Impulse (Noie 2) 
SENSE* Output Delay 
DAC-io-DAC Croastalk 
Analog Ou^ut Skew 



VAASt^Oncm 
NonnalOpention 
•^lecp-Mode(Note3) 



tymbol 



17 
18 
19 



20 
21 



22 
23 

24 



25 



26 
27 



28 
29 

30 

31 



32 
33 
34 



33 



lAA 



IIOMHaDtvleM 



liln 



1L76 

4 
4 



14.81 
40 



2'VLCLK 
periods 



lyp 



Mu Unlta 



60 



3 
13 
-30 
73 
1 

-23 



ttS 



ns 
ns 



tbd 
ifad 



ns 
ns 
ns 



30 



ns 

dB 



pV- 



tbd 
tbd 



mA 
mA 
mA 



Test conditions at end of this section. 
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Graphics l:l/No Video 


3UXK5 4-I6PCLKS 


MUX Gfipfaics/No Video 


(8 UXKS > 16 POJCS) t : LCLKS 


Gftphia IrlA^ideo 


37IjCLXS^16PCLXS 


KfUXGnphicsATideo 


(32 UUCS ^ 16 rajCS) 1 2 LOJCS 


The luimber of LHJCS wiU bm 10 be OMiUipbed by the retp^ 
ddjys. (i^, fOJC « Rxd CkKk Rile LCLK - 1^ Ck^ 
video, meuured in PCXKs » 32 POJCS 1 4 PCUa. 



Test conditions (unleu otherwise specified): **Recotnincnded Opensing Conditions'* using externa] voltage 
rrfertnce wjthSETUP»7JIRE,VREF« 1^5V,RSET« 147aTTLinput values art 0-3 Y with input 
:f|] hse/fall tines £ 3 ns, measured between the 10% and 90% poinu. Timing reference points at 50% for 
14 inputs and outputs. Analog output load ^ 10 pF; SENSE* and D0-D7 output load £ SO pF. DIVCLKl, 
& I>rVCLK2 output load « SO pF. As die above parameters are guaranteed over the full temperature range, 
I J^, tempenturt coefficientt are not specified or required. Tuning waveforms are shown in Hgures 12-14. 

i y Sou I: OSC and OSC« cycle times assume the use ofd)e2Xclock Multiplier. 

'i^h Hot€2: Numben gusmteed by design. 

!^ ^^'^ 3* ExtemaJ voluge rtferenoe is disabled during sleep mode, all inputt are low, and clock is lunning. 

Ill,- 
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Timing Waveforms 



ltS0-AS3 



VAUD 



00-07 CWEAD) 



00-07 (WRITE) 



aATAOtJr<K>*«0) 



OATAINCMt««<>) 



W«r/. Ch^idetayiBettufBdftomilieSOfcpolmofflKrUii^ 
or niU-teale mntitioa 

A/ak}: Swlim time mewiwd from the 50ft point of ftill-iole twailtiai to the nutpit t wn.i«m, 
witfain ±1 LSB. 

Nou3: Owpmriie/fill time mMancd between ilie 10ft and 90»potei^ 
FIgun 1Z MPU RtadWrtta Timing. 
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0 




I: OMpui*UyiBe««iredfi«mthe50*poimofther^ 
•ull-tcue moaaon. 

2: S«^iuwmeMaredffcmid>e30»poim<rflW^^ 
*'Mninzl LSB. 

J: 0«p« iMertMliiniemetBiiwI between the 10* and 90»p^ 



ngun 19. OnpMe$ Input/Output Timing. 
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Timing yNaveioms (continued) 



oivcud 



SEN 



r — 



I- » ■ , 

• I 




Q FIgum 14. Vld0o Input/Output Timing. 
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Ordering Information 
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UoM Number 






Afiib(«ntT«mpmturt 
Rmgt 


Bt885KHFUO 


110 MHz 


160-pii) FUsoc 
QuadRatpaek 


<rio*7(rc 



Revision History 



1 



D9tuh00t Chang&9 From Pmvtow R^vMon 

BmvMon 

B Initia} Release 



C Pinoitt change. Pin 160 was changed ftom GND to RFTUNE Pin 2 was changed from GND to 

VRESET*. Pins 1, 39, 40, 41, 42, 79. 80, 81, 82, 119, 120, 121, 122 were changed from GND to 

NC. 

|4 Vertical scaling support added. Both DIVCLKl and DIVCLK2 and all interna] clocks are derived 

. from OSC or OSC* clock inputs. 

%si DIVCLKl and DIVCLK2 outputt are opposite phases. 

D 135 MHz speed grade removed. Pinout change. 

|i Pin 160 was changed from RPTUNE to NC 

Venical scaling deleted. 
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Package Orawfng-1 60-pin Plastic Quad Fiatpack (PQFP) 



Bt885 



Lead Pitch 
0.0256 [0.65] 



Leod Width ± 
0.009-0.015~ 
[0.22-0.38] 




— Lead Length 
*■ 0.026-0.037 
[0.65-0.94] 




Package Body Size 
1-098-1,106 
[27.9-28.1] 
Squore 



1 



1-246-1,256 ■ 



^**[0°25] "^"^ Clearance 



Max Height 
hO.160 [4.07] 



Seating Plone 



[31.65-32.15] 
Square 
Footprint 
Notes: Unleu ocberwise specified: 

2. Diroenuons are in inches [mimmeten]. MiUimecen art tbe muroUing dixoenston 
lockage body size does not include mold pro(nuioD or mismatch. 

3. PCB pad layout suggestioos: 

a. Pid size: 0. 100 x 0.012 [154 x 0 JO]. 

b. Lead pitch (millimeters): Use 0.6S center*to<emer spacing. 

c. Uad pitch fmcbes): If the PCB layow system to be used can handk fracti^ 

••AbSSa'^ABaSa^ " " ^ example. 
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BrDolme Corpomion 
9868 Scnmoo Road 
SwDiefo.CA 92121-3707 
(619)452*7380 
)«00)2-BT-API>S 
TLX: 383 596 
FAX: (619) 452.1249 
U85001IUV.D 



by 
is 

bclirvodiobeKcawMd 

iwpooiMity i» wrarBiid for in 
Mr lor toy tafriBfcaan of 
I or other hghB of ted 
I Aon iu 
NolienaeaipMdby 



•ay pMEot or pMtt rights of 
BiuoLuitt CofponooB. 



CAUTION ES(>.MntttK«dtvioo. 

F«nnmm dtfiwot may occur on 
unoonoMM dtvtcM ftjbloctcd to 



UnuMd dcvtoM must bt I 
oonduct»v» «oom or iNinii. 
Do not mMft Ml dovloc Into 



Aomovf powor btfoft Inoor- 
tenoTfimoval. 



Copyright C 1994. 
Brooktree Corporusoa 

Specificatians m subjea to 
change without oouce. 



PWNTOINTHEUSA 
Pftmaate; 02/15M 



printod on rocyclod papor 

» ^ ^ 'J -1 .n -1 4 



EXHIBIT 



Advance 

This document cqntains infonnation on i product under developmenL The 
paramemc informabon contains target parameters that art subject to change. 
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Distinguishing Features 

• 135andllOMHzPq)eliBed 
Operation 
VGACompati*ble 
Mixed Video and Graphics 
64-btt Gnphics/VTuleo Pixel Ports 
YCiCb^o-RGB Cdnverxion - 
YCrCb 4:2:2 and 2:1:1 
Interpolation 
ijpm Broobree's VideoCache^ 
^Technology 

tal Video Up-Scaling 
X 64 X 2 Cursor 
— Shift Qock Support 
rotables DRAM-Based Motion 
jfi^IVideo Systems 

j|rogrammabIe Video Extents 
imable Color Keying 




• Three 256 X 8 Color PaleoeRAMs 

• StmpliSes Integration of ^^deo into 

Microsoft Windows^ 

• 3 X 24 Cursor Color Paieae 

• Standard MPUImerCioe 

• Powa-Down Mode 

• Directly Implemems Brookiree*s 

VideoCache^ Connector 

• 160PQFP 

Applications 

• \ndeo Decompression Acceleration 

• Multimedia Workstations 

• High«Resolutiqo Graphics 

• DesktopVideo 

Related Products 

• Bt822 Video Decoder 

• Bt858 Video Encoder 



Inctionat Block Diagram 
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135 MHz Monolithic CMOS 
Video CacheDAC™ 

Product Description 

Ibe BtSSS is designed specifically for dual or 
tBiified £nme buffer multimedia subsystems. A 
d e d ic at ed video pon tceepts a CGR601 
YCrCb dau stream and allows on*screen 
fwtiching on a pixel*by*pixel basis. Mixing 
occurs within progianunable video extents 
based on a flexi*ble color key mechanism. 
Bt88j IS intended lo replace multiple 
RAMDAC^*based multimedia subsystems. 
The Bt885 register set is VGA compatible. 

Tbe Bt885 can accelerate video decompres- 
sion and work with the Bt812 decoder chip 
using programmable interpolation to pixel mul- 
tipiy by 1, 2« or 4 for CORdOl 4±2, 2:1:1. and 
L-O.S.-0 J fonnats. Thk tA)nw9 th# yj^^ (j^^ iq 
Bux with thg gtaphics-dasa at tfw ta m f. * ^t fi 

Brooiciree*s SOCKbyte VideoCache^ HFO 
enables asynchronous delivery of graphics and 
video, easing sysum bandwidth requirements 
for video transfer; and aUowing ei&dem use d 
system memory. Non-imeger scaling permits 
arbitrvy video window sizing. 

The 64 X 64 X 2 bit cumr has its own palette 
and has priority over the video or graphics. The 
cursor operates in three modes: Microsoft Win- 
dows^, Ihree color, and X Windows. 

Tbe BtSSS st^pons independent 32-bit 
graphics and 32«bit vkieo pixel ports and is 
compatible with both VRAM* and DRAM- 
based vkleo subsystems. 

T1»e BtSSS generates RS*343A<ompau^le 
video signals into a doubly*ierminated 7S Q 
load. 
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Circuit Description 
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Figun 1. Btaas OtaH9d Block Diagram. 
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oopkd into the itd, green, or blue (RGB) registers and 
the address register is incremented to the next RAM 
locatioft The MPU performs three sticcessive read 
cycles (8 bits each of red, green« and blue), using RSO> 
RS3 10 aelea the cda palette RAM. Following the blue 
read cycle, the comems of the color paleoe RAM at the 
address specified by the address register are copied into 
the RGB registers, and the address register increments 
again. A block of color values in consecutive locadons 
may be read by writing the Stan address and performing 
continuous RGB read cycles until the entire block has 
beeniead. 



Circuit Description (continued) 
MPU Interface 

As illusnaied in the detailed block diagram, a standard 
MPU bus interface is supponed, allowing the MPU 
direct ac c ess lo the color palette RAM MPU dau is 
transferred into and out of the CacheDAC™ through the 
dau pins. Tlie read/write timing is controUed by 
the RD- and WR* inputs. 

The RS&-RS3 aelea inputs specify which control 
register the MPU is accessing, as shown in Table LThe 
8-bit address register is used to address the color palette 
RAM, eliminating the requirement for external address 
multiplexers. DO corresponds to ADIAO and is the least 
significant biL 

Hardware Reset Condition 

_ On reset, BtSSS is configured for standard VGA com* 
l^padbnity as follows: 

8 bits per pixel graphics, 1:1 MUX. 

6-bit OAC resolution. 

Pixel mask register set to OxFF. 
^ Video modes disabled, 
f AO control registers set for VGA compadbility. 
W Graphic p^Unes are reset. 

Writing Color Palette RAM Data 

write color data, the MPU writes the address register 
^'^i|RAM write mode) with the address of the color palette 
RAM kxation to be modified. The MPU performs three 
i|finccessive write cycles (8 bits each of red, green, and 
i:^lue), using RS(MIS3 to select the color palette RAM 
^ jAfter the blue write cycle, the 3 bytes of coky informa- 
^||on are concatenated into a 24^tt word and written to 
the kxation qxcified by the address tegister Tlie 
address register then incremenu lo the next location, 
which the MPU may modify by writing another 
sequence of red* green, and bhie data. A Mock of color 
values in consecutive locadons may be written to by 
writing the start address and performing continuous 
RGB write cycles until the endre bk)ck has been writ* 
tea Refer to the Timing Waveforms for further infonna* 
tion. 

Reading Color Palette RAM Data 

To read color paleoe RAM data, the MPU loads the 
address register (RAM read mode) with the address of 
the color palette RAM location u) be read. The contents 
of the color paleoe RAM ai the specified address are 



RS3-AS0 




Addraaaad by MPU 


0000 


RA^ 


address register, pakoc/onor RAM 
write 


0001 


R/W 


6/1^ eolor paleoe dau 


0010 


R/W 


pixel mask register 


0011 


R/W 


addrett register ptleaa/ctfsor RAM 
read 


0100 


R/W 


address registo; cunor/ovesetn eobr 
write 


0101 


R/W 


eurwr ovctsctti and ooler dau 


0110 


R/W 


command reiisterO 


0111 


R/W 


address register, cursar/ffvcrmn eolor 
read 


1000 


R/W 


command rssiwer 1 


1001 


R/W 


command register 2 


1010 


R/W 


extended address read/write register 


1011 


R/W 


eursor RAM airay dau 


1100 


R/W 


cutsor x*low register 


1101 


R/W 


c«serx«highrefisier 


1110 


R/W 


OBSor y*low registe 


nil 


R/W 


cursor y*htgh register 



TeM§ h Contfol Input TMh Table 
(RS3mUSB,RS0mLSB). 



Writing Cursor and Overscan Color 
Data 

To write ctssor or overscan color data, the MPU writes 
the address register (cursor cokar write mode) with the 
address of the cursor or overscan color location lo be 
modified. The MPU performs three successive write 
cycles (8 biu each of red, greea« and blue). ttsii« RSO- 
RS3 10 selea the cursor color registers. After the blue 
write cycle, the 3 bytes of red. green, and Wue cokv 
tnfonnation are concatenated into a 24«bit word and 
written to the cursor or overscan color locadon q)ecified 
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Circuit Description (continued) 

by the addrtss register. The address regisur then mere- 
ments to the next location, which the MPU may modify 
by whttng another sequence of red, green, and Uae data. 
A Uock of color val ues in consecudve locations may be 
written to by writing the stvt address and performing 
continuous RGB write cycles ondl the entire blodc has 
been written. 

Reading Cursor Color Data 

To read cursor color data, the MPU loads the address 
register (cursor color read mode) widi fbt address of the 
cursor color location to be read The comentt of the cur* 
aor odor register at the ^ecified address are copied into 
the RGB registers, and the address register ts incre* 
mented V) the next curm color locataon. Tlie MPU per- 
forms three successive read cycles (8 bits each of red, 
green, and blue), using RS0-RS3 lo aelea the cursor 
color registers. Following the blue read cycle, the con- 
tents of the cursor coto locadoo at the address specified 
by the address register are copied into the RGB regis- 
ters, and the address register again increments. A block 
of color values in consecutive locatioos may be read by 
writing the start address and performing continuous R, 
G , B lead cycks undl the enure btodc has been read. 

Extended Register Mechanism 

An extended register set is used lo accommodate all fea- 
tures of the BtS85. Since there are only four register 
selea lines (and aD 16 coci^tnations have already been 
used), the extended registen must be accessed indi- 
rectly. 

Fdr example. Command Register 3 is accessed with 
the following sequence of operations: 

1. Set RS3-RS0 - 0000, Address Register. 

2. Write Address Registers) Qbt02 

3. Set RSMISO « 1010 (Extended Address 
Register). 

4. Read or Write Command Register 3. 

Writing Color Key Color Data 

To write the cdor key color daa value, the MPU selects 
the color key data RGB register using the extended reg- 
ister. It then performs a write cycle setting RS3-RS0 to 
1010 (Status Register). This process is repeated for each 
color component. The cdiar key color register is only 
updated after the blue value is wriuen. 



Reading Color Key Color Data 

To read the cotor key cdor data value, the MPU 
selects the color key dau RGB register using Ae 
extended register mechanism, then performs a read 
cycle setting RS3-RS0 to 1010 (Suuus Register). 

Writing Color Key Mask Data 

To write the ookr key made data value, the MPU 
selects die color key mask RGB register using the 
extended register mechanism. It then performs a write 
cyde setting RS3-RS0 to 1010 Status Register). This 
process is repeated far each coksr component Tlie cola 
key mask register b only tqxhted after the blue value is 
written. 

Reading Color Key Mask Data 

To read the color key color mask value, the MPU 
selects the cokx key dau RGB register using die 
extended register mechanism outlined below, dien per- 
forms a read cycle setitr« RS3-RS0 to 1010 (Stams 
Register). 

Additional Information 

When the color palette RAM is a cce ssed, the address 
register resets lo 0x00 foUowing a blue read or write 
cycle 10 RAM kxatioo OxFF* 

The MPU interlace operates asynchronously to die 
pixel dock. Data oansfers between the color palette 
RAM and the color registers (R, G, and B in the func* 
cional block diagram) are synchronized by internal 
logic, and occur in the period between MPU accesses. 
To reduce nodceaUe sparkling on the CRT screen dur- 
ing MPU access to the cotor palette RAMs, inttmal 
logic maintains the previous output color data on the 
analog outputs while the transfer between RGB regis* 
ters and lodoQ) table RAMs occurs. 

To keq> trade of die red, green, and blue fcadAmte 
cycles, die address register has two addidooal Wa 
(ADDRa and ADDRb) that count modulo dute, Tbey 
are reset to zero when the MPU writes to die address 
register and are ncM reset to zero when die MPU reads 
the address register. The MPU does not have access to 
these bits. The MPU may read the address regiaer at 
any time widiout modifying its contents or die existing 
read/write mode. 
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Accessing the Cursor RAM Array 

The 64 X 64 X 2 cursor RAM is accessed in « planar for* 
mas. Bits CR31 and CR30 in Command Register 3 
become the load inputs to the 2 MSBs of a .O-bit 
address counter, ihertfoit, these bits must be written in 
Command Register 3 before the lower 8 bits are written 
to the address counter through the MPU port. In the pla- 
nar format, only nine address bits are used. The ttndi bit 
determines which plane (0 or 1) data of the ciffsor RAM 
amy is accessed. A single address presented to the cur- 
sor RAM accesses 84tt locatioos in plane 0 or 1. 
depending cm the state of address bit 9. 

After each access in the planar format, the address 
increments. The MPU uses ADIXL a 10-bit binary 
address counter, to access the curw RAM anray. The 
address counter is the same 8-bit binary counter used 
,^for RGB autoincrementing with CR31 and CR30 as its 
'^tended MSBs. Any write to the address counter after 
^^eursor autoincrementing has been initiated resets the 
C^brsor autoincrementing logic until cursor RAM anay 
Xlias again been accessed. Cursor autoincrementing wiU 
^ ^ written. A read fiom the 
^ jiddress counter does not reset the cursor, autoincrt- 
'Renting logic. Tlie color paleue RAM and the cursor 
;g|AM share the same external address register, and 
^ WPU addressing for this and all other registers is deter- 
t ^mincd by the exicmaJ register seiea lines RS3^S0 
l3[secTa>le2). 
1 

^Blt/8-Blt Operation 

I^MH command bit CROl specifies whether the MPU is 
;^ding and writing 8 biu or 6 bits of color information 
' %h cycle. For an 8-bU operation, DO is the LSB and 
07 is the MSB of color data. Rr a 6-btt operation, 
color dau is contained on the lower 6 bits of the data 
bus, widi DO as the LSB and DS as the MSB ofcdor 
data. When the MPU ts writing color data, D6 and D7 
are ignored. During color read cycles, D6 and D7 art a 
logical aero. 

Accessing the cursor RAM amy does not depend on 
the resolution of the DACs.When Bt885 is in the 6-bit 
mode, the 6-bit DAC values are left justified within an 
8-bii field and the two LSBs are let to aero. Therefore. 
Bi885's fuQ-scale output current will be about per- 
cent lower than while it is in the 8-bit mode. 



Power^Down Mode 

The BtS85 incorporates a power-down capability* con* 
trolled by command bit CROO. While command bit 
CROC is a logical zero, the Bt885 functions normally. 

While command bit CROO is a logical one, the D AQ. 
cursor circuitry, video FIFO, and power to the RAM are 
turned off. The RAM sdll retains the data. Also, the 
RAM may be read or written to by the MPU as long as 
the pixel dock is running. The RAM automatically 
powers up during MPU readAvrite cycles and shuts 
down when the MPU access is completed. The DACs 
output no current, and the four comniand registers may 
sdB be writtenioor readby the MPU. The oaxpui DACs 
require about one second to tuna off (sleep mode) or turn 
on (normal), dqmding on the compensation capacitor 
used (see the Video OuQMjt Waveforms section for fur- 
ther information). The DACs wfll be turned off during 
sleep mode only if a voluge reference Cmtemal or exter- 
nal) is used. 

When an external voltage reference is used , external 
circuitry should turn off the voltage reference 
(VREF«0 V) 10 further reduce power consumption 
caused by biasing of portions of the internal volttge ref- 
erence. 



Pixel Clock Selection 

OSC and OSC* provide the source for the BtS8S inter- 
nal pixel clock. In general, graphic pixel data is latched 
by GLCLK. Bit CR24.ielects whether the OSC or OSC* 
pin is used. A tkxk doubler can be enabled on the 
selected input by setting CR33 « L The OSC* and OSC 
inputs can be used together as differential ECL inputs 
for the external ck>ck by setting CR34 « L If a differen- 
tial ECL input mode is used (CR34 » 1), then the state 
of CR33 and CR24 are ignored. 

It is also possible to internally route the DIVCIJC2 
output to the latches connected «> GLCLK by setting 
CR36« 1. GLCLK win be ignored in this mode. 

DIVCLKl and DIVCLK2 are output on the basis of 
die OSC and OSC* inputs as described unless they are 
disabled by setting CR32 « 0 (DIVCLKl disable) or 
CR3S - 0 (DIVCLK2 disable). If the clock doubler is 
tBcd (CR33 « 1), then both the DIVCLKl md DIV- 
CLK2 dividen must be set U) a value of 2 or greater. Fbr 
all graphia 1:1 modes. GLCLK is used as die pixel 
clock and the OSC and OSCB inputs are ignored. 
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III Frame Buffer Pixel Port Interface 

ft.^ There are 64 input pins (A-H) used to tnterfoce to 
#1 the gnphics and video 6ame buffer memories. The 
^ assignment of pins to input pixeb is determined by the 
^ operation mode and mulopkx rue. 

Video Port Clocking 

Video data is synchronously docked tmoBt885 with the 
VLOJC input VLCLK may be asynchronous from the 
pixel and/or graphics load dock, as «i internal FIFO is 
used to synchrotitze video dau to graphics pixd data. 

Two status signals are available 10 cooffd the loading 
of video pixd dau into Bt885: VALID and READY. 
VALID is provided by the system to Bt88S and is 
asserted to indicate that valid video data is being pre* 
tented on the video pixd port The READY signal is an 
output fiom Bt885 that indicates that it is acc^ting pixel 
dau. For dau to be accqned on any particular VLCLK 
nsing edge, both the VAUD and READY signals must 
be high through the ckxk edge. 



The system must load video dau into Bt885 prior » 
the time that it is to be used. In systems where there is a 
one-to-one rdationship between video pixels and 
graphics pixels in die frame bufTer and this dau is 
delivered simultaneously, the FIFO openttoo can be 
ignored and VALID would be ded to the pixd blanUog 
signd fro m the g raphics subsystem (BLANK*X In diis 
mode, the FIFO would never be filled and. therefon, 
READY may be ignored. 

The intemd video dau FIFO is reset lo an empty 
state on each detected venicd blank period. Ilw system 
can immediately begin loading dau into the video port 
regardless of the video window s position on the screen. 
If at any time die video FIFO is empty when video dau 
is required, Suois Register 2 bit SR27 win be set lo 
one. Hie underflow bit will remain m undl Status Reg- 
ister 2 is written, then SR27 will be cleared. 

For proper operation of die video pipeline reset, 
VLCLK must be a free-running docL 
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Circuit Description (continued) 

Vid§oCache^ FIFO Operation 

The Bia85 provides a FIFO buffer for video pixels to 
aJIo* for asynchronous video and graphics operation, 
and 10 case sysvm design rcquiremcms. Use of the Vid- 
ooCachcT^ FIFO featurts is entirely optional and not 
necessary for synchronous designs. 

Loading VldMCacheT^ FIFO 

The VideoCachc^ FIFO accepts a group of data 
(the exact number is given by the cuntnt video mode) 
when the following condidons are met on any singk 
rising edge ofVCLK: 

1. The FIFO is ready to accept dau CiJt^ it is not 
fill]). This is detennined by the state of the 
READY out signal 

2. The system is ptscming data, indicating this to 
_ the CacheDAC~ by assening the VALID signal 
^ with the data. 

y Unloading Vld«oCacht«< FIFO 

N Bt885 wiU unload the VjdeoC«che«» FIFO depen- 
=t=dam on the teeing of bit CR41. If CR41 ■ 1. the video 
Qwill only be unloaded whQe Bt885 is teanning through 
^the video window. If CR41 • 0. then video will always 
j^be unloaded during active graphics time. The unloading 
^ process is independent of color keying. 

Q 
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general Purpose Signals 



^IVCLKI / 0IVCUC2 

These signals provide programmable ftee-nnning 
flocks based on the inieinal pixel clock. TTiey can be 
"^Ji Vi*ti load ctocks. such as 

VLCLK Of GLCLK. A gated clock may be genenied 
from DIVCLKl by using another geneni purpose si«. 
nal. SEN. described below. P«pwe»g 

SEN 

oivcLKl. SEN can be programmed to start relative to 
the falling edge of intemally detected vertical syiK (see 
cursor operation) in unitt of scanlines and relative to the 
Whng edge of HSYNC- in DIVCLKl cycles using the 

aerial dock enable Stan (horizontal and venical) tegts- 
•ers. Duration is set in uniB of scanlines for the vertical 
Jrecnon and in DIVC3JCI cycles for the horizontal 
awection (relative to the beginning of SEN) using the 
•enal clock enable duration (horizonial and vertical) 



ttgisten. Tliis signal is guaranteed to innsidon only 
during DIVCLKl low time. 

This signal may be used, for example, to control a 
VRAM shift clodc which rtins durng non-blanking 
time. When an appropriate delay is programmed &om 
AelMding edge of HSYNC". the serial dau can be 
property positiolned before die trailing edge of 
BLANK*. The SEN duration register then stops the 
serial ctock to allow die system to perform VRAM row 
data Bansfer. Because -HSYNC is sampled with the 
mtemal pixel clock, diere may be an additional pixel 
dock delay between -HSYNC (Uling and the SEN 
rising. 

HFULL 

This signal is asserted when the VideoCache^ FIFO 
is more dian half ftiQ. 

Video window Operation 

The XSTART register indicates die starting X position 
on the screen for die video window relative lo the 
ENABLE pin CPisan 2). A value of seto indtcues dut 
the video window begins widi the fint OefonosO pixel 
of each horizomal scan line. The YSlAKTiegister indi- 
cates die surting Y positioo on die screen for the video 
window. A value of aero indicates diat the video window 
^Sf^Lf* line of each Crime. The 

XWIDTH register indicates die number pixels per 

scan line within die video window. A value of xere indi- 
cates diat d«e are no puels in die video window. The 
YKDGHT register indicates die number of scan lines 

widiin die video window. A value of zero indicates diat 
diere are no scan lines in die video window. 

All four values. XSTAKT. XWIDTH. YSTAKT. and 
YHEIGHT should be written sequendaOy. biemal video 

window coordinates are loaded during die next detected 
blanking interval after die YHEIGHT register is written. 

Video Sealing Operation 

Hcrizontal ipsealing is aeeomplished by using die out- 
put of an overflowing I24it accumulator to etdier dock 
a value out of die VideoCache~ FIFO to die DAQ or to 
hold die current DAC value. At die stan of each scan 
line, die accannlator is initialized 10 die vafaK stated in 
dieXSCALEINITRfister. 

On each ptxd. die value stored in die XSCALEINC 
register is added to die acctmulaior. 

If die addition resuitt in a carry, i pixd is clodced out 
of die VideoCadie~ FIFO to die DACs. If no carry 



AT:02C021 



Bt885 . 

Circuit Description (continved) 



Brooktree' 



Screen ' 








YCTART 




1 






* XSTART ^ 










Video Window 


1 


YHHCHT 



XWXDTH 



Flgur§ 2. Via0O Wndow R§gist0f$. 



occun, the previous DAC vilue is held. This style of 
scaling is known as a Digital Differential Algorithm 
(DDA). 

To accomplish scaling, the system supplying Bi885 
with video pixels most precakulate the DDA oonstanu 
required for the desired scale factor and load the values 
into the two 12-bit X«scaUng registers, XSCALEINIT 
and XSCALEINC, as follows: 

XSCALEINC • [(Source Video Width • 0x1000) * 
OXOSOOrXSCALElNm/ 
Destination Video Width 

0 ^ XSCAI£I^^T S OxOSr. XSCALEINIT can be used 
to set the replication phase of the DDA m noie 
ad^-anced applications. Commonly. XSCALEIhOT is 
set U) 0x0800. 



Color Key Operation 

Selection between the video and graphics pixel dau 
may be based on a specified range of graphic pixel val* 
ues. A *coior key set* may be defined which 4)ecifies 
one or more graphic pixel values that allow video pix- 
els to be shown. 

To define the color key seu three color key registers 
and three color mask registers are used A graphic pad 
value is bitwise XORed with the color key and the 
result is NAhDed with the color madL If the result is 



one. die corresponding video pixel is diq)layed in its 
place. 

When a graphic pixel value (alls witUo the oola 
key set, the corresponding video pixel is di^layed 
lather than the graphic pixel. Color key detection may 
occur either before the palette loob^ or after the pal- 
ette lookup. In 16- and 24*bit pixel modes, if pateoe 
bypass is enabled, selecting matching after the palette 
matches based on the actual values that would be 
applied to the D ACs. 

When matching after the palette, bit CR42 of Com- 
mand Roister 4 should be set to 1, and the color key 
registers and color mask registen rqxesem 24«bii RGB 
values each. The registers are ordered with red at the 
lowest address, then peen and blue. 

When matching before the pateoe. Ui CR42 of 
Cdmmand Register 4 should be set to sero. Tbe color 
key registers and color mask registers represent nnnuil- 
tiplexed graphic pixel values, with the red register as 
the least significant byte, then green and blue. Only the 
bits needed to reprcsem the pixel are used For exam- 
ple, an 8*Uf pixel color key and mask use only the red 
registers, 16-bit pixels use only the red and green regis- 
ters. 

Pixel selection occurs only within the current video 
window boundaries, and only when bit CR46of Com- 
mand Register 4 is set to 0 to allow color key detection. 
When CR46 is set to 1 , all pixels within the video win- 
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dow will display the video pixeU, regardless of color 
mask and key register values. 

The hardware cma alu-ays has display phoriiy 
over color key selection. 

ExampI* 1 

Match a specific W»it pseudocolor palcoe posioon 
(value OxFE). 

CS42 > 0 (matching before paktie) 

a^46 » 0 (allow color keying) 

Cdlor Mask: (B) OaXX (G) OxXX (R) (JxFF 

Color Key: (B) OxXX (G) OxXX (R) OxFE 

Examplt2 

Match a lange of blue values between QxCO and 
OxC7. 

CR42 m 1 (matching after palette) 
^ CR46«0 (allow cdor keying) 
W Color Mask (B)0xF8(G) 0x00 (R) 0x00 

Color Key: (B)OxCO(G) 0x00 (R) 0x00 

'px«mpl«3 

; j Use bit 15 in a TARGA 15-bii mie color mode lo 
^f^orm color key. 

CR42 « 1 (matching after paleoe) 



CR46 ■ 0 (aUow cdor keying) 

Color Mask: (B) 0x00 (G) 0x80 (R) 0x00 

Color Key: (B) 0x00 (G) 0x80 (R) 0x00 

YCrCb-to-RGB Matrix 

The maoix convens ihe YQCb video data to 24 biu of 
RGB data (8 bits eKh). 

The YCtOH0>RGB convenioo is compliant with 
CCIR Recommeodatioa 60M as follows: 

R ■ 1.164(Y - 16) ♦ I J96(Q'- 128) 

G - L164<Y- 16) - a813(Cr- 128) 
-0J91(Cb-128) 

B • 1.164(Y- 16) ♦ UOmCb - 128) 

Ni£*:J -J -Tji.:' v.- .Ti- . 
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Circuit Description (continued) 

Modes of Operation— Graphics 

4*Btts/Ptxtl Optratlon (8:1 MUX) 

The 32 input bits art multiplexed 8: 1 tnd c(mfigured 
for 4 bits/^ixel. There ire eight tnd^endem 4.bit ptxei 
poru, P7:4 (A-D) and P3;0 (A-D). Tbt pixel bits arc 
latched on the rising edge of GLCLK. One rising edge of 
GLCLK should occur every eight pixel dock cycles. The 
4 bits from each port will selea one of sixteen locations 
in the palette (see Table 10 in the Internal Registers Sec< 
tion). 

8-Btts/Plxtl Optrttlon (4:1 MUX) 

The 32 input bits arc multiplexed 4:1 and configured 
for 8 bits^ixel. There are four independent 8-bit pixel 
^ poru« (A-D). The pixel bits are latched on the rising 
€ edge of GLCLK. One rising edge of GLCLK should 
il occur every four pixel clock cycles. The 8 bitt from each 
H pon will select 1 of 256 locations in the palette (see 
%| Table 10 in the Internal Registers Section). 

* 8-Btts/Pbttl Optratlon (2:1 MUX) 

g The 16 input bits are multiplexed 2:1 and configured 
\^ for 8 bits/pixel. There are two independent 8-bit pixel 
poru«(A-B). The pixel bits are latched on the rising edge 
of GLCIX. One rising edge of GLCLK should occur 
S «vcry two pixel ctock cycles. The 8 bits from each port 
jfS will selea 1 of 2S6 locations in the palette (see Table 10 
in the Internal Registers Section). 

I J 8-Blts/Pbctl Optration (1:1 MUX) 

' S The 8 input bits are multiplexed 1:1 and configured 
for 8 bits/^txel. There is one 8^tt pixel poa (A). The 
pixel bits are latched on the rising edge of GLCLK. One 
rising edge of GLCLK should occur every pixel clock 
cycle. The 8 bitt will selea 1 of 256 locations in the pal* 
ette (see Table 10 in the Internal Registers Section) 

16-Bns/Pixol Qp«r«tion (2:1 MUX) 

The 32 input bits are multiplexed 2:1 and configured 
for 16 bits/!pixeL There are two independent 16-bii pixel 
poru, (A-B ) and (C-D). The bits are latched on the ris- 
ing edge of GLCLK. One rising edge of GLCLK should 
occur every two pixel clock cycles. The pixel biu multi- 
plexed in this mode are from the ame ports of RGB 
color formats of 5:5:5 or 5:6:5. P7D and P7B are ignored 
internally when the 5:5:5 color format is selected (see 
Table 10 in the Internal Registers Section) 

Bit CR24 in Command Register 2 can be programmed 
to enable or disable true-color paleue bypass. When the 
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bypass mode is selected, the pixel dau bypasses the pal- 
eue as well as the pixel mask, and is transferred to the 
proper MSBs of the respective DACs, the rtmaining 
LSBs are set to zeros. When the bypass mode is not 
selected, the pixel dau indexes the palette, and color 
information is passed to the respective DACs. Bit CR22 
in Command Register 2 determines whether palette 
addressing is sparse or contiguous. F6r spane palette 
addressing, each indq>endem color con^ooent of pixel 
dau is mapped lo the most stgnificant bits of the respec- 
tive palette address; Ae least significam bits are set to 
xero. For coatiguous palette addressng, eadi indepen- 
dent color component (tf the pixel data is mapped lo the 
least significam bitt of the respective paleoe address; 
the most significant bitt are aet to zero. The ccto palette 
values indexed, for either sparse or contiguous address- 
ing, are trnsferred to the DACs. When 5:5:5 or 5:6:5 
color format is selected* the display can contain 32 K or 
64 K simultaneous color. The DACs can be configured 
for 6 or 8 bits of resokuion in this mode. If 5:5:5 color 
format is selected, the most significam bit may be used 
for color key operation (see Tables 3 and 4). 

l6-Blts/P!xol Operation (1:1 MUX) 

The 16-bit pixel port (A-B) is latched on the rising 
edge of GLCLK and is multiplexed 1:L One rising edge 
of GLCLK should occur every pixel clock cycle. 

Bit CR25 in Command Register 2 can be pro- 
grammed to enable or disable true-ookr palette bypass. 
When the bypass mode is selected, the pixel data 
bypasses the palette as well as Ae pixel mask, and is 
trutsfeired to the proper MSBs of the reqMctive DACa. 
When the bypass mode is not selected, the inxel data 
indexes the proper locations in the palette, and the cor- 
rea cok)r information is passed to the respective DACs. 
Bit CR22 in Command Register 2 determines whether 
palette addressing is ^arse or contiguous* For sparse 
palette addressing, each independem cokv component 
of pixel data is mapped to the most significant bits of 
the respective palette address; the least significam biu 
are set to zero. For contiguous palette addressing, each 
indq)endent color componem of the pixel dau is 
mapped to the least significam bits of the respective pal- 
ette address; the most significant bits are set 10 zero. Ihe 
cotor palette values indexed, for eitiier sparse or contig- 
uous addressing, are oansferred to the DACs. When 
5:5:5 or 5:6:5 color format is selected, the display can 
contain 32K or 64K simultaneous colors. The DACs 
can be configured for 6 or 8 bits of resolution in tfiis 
mode (see Table 5). 

If 5:5:5 color format is selected, tiie most significant 
bit is may be used for color key operation. 
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Circuit Description (continued) 

24-Bns/Pixtl Operation (1:1 MUX) 

When 24 bits per pixel in 1:1 MUX mode is 
selected, there is one 24^t pixel pon, (AO. The pixel 
bits are latched on the rising edge of GLCLX and mul- 
tiplexed 1:L One rising edge of GLCLK should occur 
evenr pixel clock cycle. The RGB color format in this 
mode is 8:8:8. 

Bit CR25 in Command Register 2 can be pro* 
grammed to enable or disable true-color palette bypass. 
When the bypass mode is selected, the pixel data 
bypasses the paletxe as well as the pixel mask, and is 
transferred to the proper MSBs of the respective DACs. 
When the bypass mode is not selected, ihe pixel dau 
indexes the proper locations in the palette, and the inde- 
pendent RGB cotor values arc patted to (he leqwctive 
DAQ (see Table 7a-7c). When 8:8:8 color format is 
selected, the display can contain 16A mtllion simulu- 
Q neous colors. The DACs should be configured for 8 bits 
^ of resolution in this mode ((305 « 1, CROl « 1), CR41 
m and CR40 can be used to alter the pixel read order to 
BRG or BGR. 

^ Pixel Rtad Mask Rtgisttr 

> The pixel data can be masked before being trans- 
ferxed to the cotor palette with the 8-bii pixel mask reg- 
^ isicr. The pixel data is bit-wise logfcally ANDed with 
^ the contents of the pixel read mask register. The result 
Qis used to address the color palette RAM. The 
Cd addressed location provides 24 bus of color informa- 
pltion to the three D/A conveners. Pixel ma^g is 
15 ^'^^^ of operation except when the 

1^ true-color bypass is enabled. The pixel mask register is 
.^initialized to logical ones at reset (see the Table 13, 
^^^^ Register Values on Reset Table in the Internal Register 
section). 

Modes of Opentlon^Vldeo 

Big-Endlan vtrsus Uttlt-ErKllan Plxtl Display 
Ordar 

Pixel diq)lay order may be either big endian or litUe 
endtan. The display order is selected by setting bit 
CR43 in Command Register 4 lo a aero for little 
endian, or a one for big endtan. The pixel ordering and 
YCrCb-to-RGB conversions are shown in Figures J*5 
and the video pixel pon configuration is shown in Table 
9. The folk>wing descnptions of the modes of operation 
of the video pixel pon are based on little endian display 
order. 



YCrCto 1«J:0J Opsratlon (4 Byte/8 Ptxals) 

Tlie 32 input bits'i^ configured for YCrCb 
]K)J:OJ. Then are four independent 8-bit pixel poru, 
(E-H). Each group of four bytes results in eight output 
pixels. The pixel bits are latched on the rising edge of 
VLOJC 

YCrCb 1.-0^:0 J Opsratlon (2 6yta/4 Pixals) 

The 16 input bits are configured for YCrCb 
1:0J:0J. There are two independent 8-bit pixel poru. 
(G-H). Each group of two bytes results in four output 
pixels.The pixel bits art latched on the hsing edge of 
VLOJC 

YCrCb 1:0J:0J OptrMlon (1 Byts/2 Plxtls) 

The 8 input bits are configured for YOCb l:Oi:OJ. 
There is one 8-bit pixel port (H). Each byte loaded 
results in two output pixels. The pixel bits are latched 
on the rising edge of VLOJC 

YCrCb 2:1 :l Opsration (4 Byts/4 Pixsls) 

The 32 input biu are configured for YCrCb 2:1:1. 
There art four independent 8-bit pixel pons, (E-H). 
The pixel bits are latched on the rising edge of VLOJC 

YCrCb 2:1:1 Optration (2 Byts/2 Plxsls) 

The 16 input bits are configured for YOrCb 1*1:1. 
There are two independent 8-bit pixel pons, (G-H) . 
The pixel bits are latched on the rising edge of VLOJC 

YCrCb 2:1:1 Opsratlon (1 Bytsn Pixsl) 

The 8 input bits are configured for YOrCb 2:1:1. 
There is one 8-bit pixel poru (H). The pixel bits are 
latched on the rising edge of VLOJC 

YCrCb 4:2:2 Opsntlon (4 Bytta Plxsls) 

The 32 input bits are configured for 4:2:2. There are 
two independent 16-bit pixel poru. (E-F) and (G-H). 
The bits are latched on the rising edge of VLOJC 

YCrCb 4:2:2 Opsration (2 Byts/1 Plxsl) 

The 16 input bits are configured for YOCb 4:2:2. 
There is one 16-bit pixel pon, «5-H). The input bits arc 
latched on the rising edge of VLOJC 
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Circuit Description (continued) 
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Circuit Description (continued) 
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Ttbl0 Sb. 24*nsmixtl Grtphlcs BRG Color Format (0141,40 « Oih 
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TM0 6e. 24-tHs/Plx9l Grtphlcs BGR Color Format (CH4i,40 m 10). 



j|f 16*Bns/Plxtl 5:S:S OpBrttlon (2:1 MUX) 



The 32 input biu are ue configured for 16 bits^ixel. 
I^There are two independent 1 6-bti pixel pons, (E«^ and 
(G-H). Tl)e bits are latched on the rising edge of 
VLCUC Hie RGB color formit in this mode is S:S:S. 
The most significant bit is not used. 

16-Btts/Pfxtl 5 J:S Optrvtlon (1:1 MUX) 

ITie 16 input bits art ooofigurtd for 16 bits^ixei. 
There is one 16-bU pixel poru(C-H)« The input bits are 
Uiched on the rising edge of VLCLK. The RGB color 
formal in this mode is 5:3:5. The most significant bit is 
not used. 



16-Btts/Plxtl 5.«:S Op«ritlon (2:1 MUX) 

The 32 input bits are configured for 16 bits^ixeL 
There are two indq^endem 16-bit pixel pons, (E-I^and 
(C*H). Tlie bits are latched on the nsiiig edge of 
VLCUL The RGB color format in this mode is S.'6:S. 

16-BHs/PlXtl MS Op«ntlOA (in MUX) 

The 16 input bitt are configured for 16 bit^ixeL 
There is one 16-bit pixel pon, (G-H). The input bits are 
latched on the rising edge of VLOJC The RGB color 
format in this mode is 5:6:5, 

24*Blts/Plxtf Operatton (l:i MUX) 

The 24 input bits are configured ks 7A bits/jpixeL 
There is one 24.btt pixel porv (F-H). The bits are 
latched on the rising edge of VLCLK. The RGB color 
format in this mode is 8:8:S. 
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Circuit Description (continued) 

Video Data Stream Langth 

Dependant on the video pixel inteipolation selected in 
B(885, a certain number of input bytes will fepresent t 
fixed number of output pixels. In fenenL BtSSS is 
ble of stretching an arbitrvy4eagth horizontil input 
stream of A bytes into an arbiiiary horizontal window of 
B RGB pixels. 

The system may take advantage of the VtdeoCache^ 
FIFO to lower video bandwidth and firame buffer 
ftquirements. This is achieved by loading only the num- 
ber of bytes of video dau aequtred for the displayed 
video window. 

That are cwo parameters that can be adjusted in 
Bt883 to achieve this. One is the conent video mode and 
the other is the scale factor that is vpUed to the video 
data. 

To calculate the X scaling increment, use the follow* 
^ tng equations: 

Is Destination Video Width* 

m [(Source Mdco Width •4096) 

m /(XSCALEINC+I)] 



% XS CALEINC » [(Source Video Wdth • 4096) 
P / Destination Mdeo Width)] - 1 



r If scaling is not required, both XSCALEINTT and 
5 XSCALEINTT should be set to 409S. 



VIdae 
Moda 


Number of Input Bytaa lUquired for X 
Source PIxata Independent of Scale 


4:12 


(INTf(X*J)/2]*l|.4 




(IKr|(X^3)/4I*l).4 




(INT|(X*7)/a]^l|.4 


lJ/16*bit 
RGB 


(IKri(X-^l)/2J*1U4 


li^tRCB 


{INT((3.X*3)/41 U4 



The number of output pixels will depend on the va|. 
ues of XSCALEINIT and XSCALEINC 



T>ie BtS85 always performs linear interpolation of 
YCrCb values. T%is requires that enough data must be 
delivered to perform the interpolation of the final pixel 
of a acan line. For example, generaung four YCrCb 
4:2:2 pixels would require the following 12-byie dau 
stream: 

[CiO YD CbO Y 1 1 ICb2 Y2 Ci2 Y3] [Cb4 Y4 Ci4 Y5] 

b this case, the Cb4 and Cr4 values are used to per- 
form the imetpolation of the chroma value of the fourth 
pixel 

Video pixels are always removed from the Video- 
Cache^ FIFO in 4-byte Mocks. At the end of each 
video line, the video iaterpoiator will be purged. There- 
fore* any remaining datt in the interp^aior at the end of 
a video ootput line tip to the next 4«byte boundary will 
be ignored. In the example above, the Y4 would not be 
ttsed and the Y5 value would be skipped. 

Example: Scaling a 320 pixel wide CCIR601 4:2:2 for* 
mat image lo 640 pixels horizontally: 

Number of input bytes ■ 

INT { l( 320 ♦ I ) / 2 ] + 1 ) • 4 « 644 

XSCALEINC « K 320 • 4096) / 640] • 1 • 
2047«0x07FF 

XSCALEINIT • XSCALEINC / 2 « 0 X 03FF 

DAC Values In IB-Blts/Plxel Video 
Modes 

In order to achieve 8-bit foll-scale DAC output in the 
S:S:5 16-bits/jptxel video modes, each 5^ value will be 
used as the five most significam bits of the 8-bit DAC 
value and the three most significant bits of the S-bit 
pixel value will be duplicated in the low onkr 3 bits 
befoie the pixel value is |MSsed lo the DACs. Similarly, 
in S:6:S modes, when processing the 6-bit green compo- 
nent, the 6-bit value will be used as the 6 most signifi- 
cant bits of the 8-1^t DAC value and the two most 
significant bits of the 6-bit pixel value will be ^rf\rr'i\ 
in the low onler 2 bits before the pixel value is passed to 
the DACs. 
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Circuit Description (continued) 
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YCrCb 1HiJ.-0J VM90 Color Fomtt (2 Byf*/4Plx§ls). 
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YCfCb 2:1:1 vu^o Color Formm (4 Bytes / 4 Pixels) 
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YCrCb 2:1:1 Vldto Color Format (2 Byto»/2 Pixola). 
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YCrCb 4:2a \ndao Color Format (4 Bytas 12 PIxals). 



BH 


MSB 


LSB 


FoflllAt 


CbCr 


CbCr 


Cb/Cr 


CbO 


ChCr 


Ch/Cr 


CWCr 


Ch/Cr 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Pml 


P7H 


P6H 


P5H 


P4H 


P3H 


P2H 


PIH 


POH 


PTC 


P6G 


P3G 


P4G 


P3G 


P2C 


PIG 


POG 


Fonntt 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Pon2 


P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


POF 


PTE 


P6E 


F5E 


P4E 


P3E 


P2E 


PIE 


POE 



YCrCb 4aa \Mao Color Format (2 Bytaa 1 1 Plxal). 
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Circuit Description (continued) 
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sa:5 BGR Vld»o Color Format tor Both 2:1 «ntf 9:f tHultlpfxIng Modos. 



0K 


MSB 






























LSB 


Fonntt 


B 


B 


B 


B 


B 


C 


C 


G 


G 


C 


G 


R 


R 


R 


R 


R 


Poftl 


P7H 


P6H 


P5H 


P4H 


P3H 


P2H 


PIH 


POH 


P7G 


P6G 


P5G 


P4G 


P3G 


P2G 


PIG 


POG 


Port 2 


P7F 


P6F 


P5F 


P4F 


P3F 


P2F 


PIF 


POF 


P7E 


P6E 


PS£ 


P4E 


P3E 


P2£ 


PIE 


POE 



m ..... 1 ...... , 
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CC1R601 1:0J.-0J 
CCIR656 Component Ordering 
Color Space: YQCb 
Subsampliflg: liO^iOS 
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Cursor Operation 

The Bt885 has an on-chip. three<olar, 64 x 64 x 2 pixel 
user-definable cursor. This cursor works with both 
inieriaced and noninterlaced systems. The cursor 
always has display phoney over both video and 
gnphics pixels. 

The paoem for the cursor is provided by the cursor 
RAM, which may be accessed by the MPU atany time. 
The cursor is positioned thrpugh the cursor position 
register (Xp,Yp) (see Figure 6). A (0,0) written t9 (he 
cursor posidon registers will place the cursor com* 
pletely offscreen. A (14) written 10 ihe cursor posidon 
registen will place the lower right pixel of the cursor 
on the upper left comer of the screen. Only one cursor 
paoem per frame is di^layed at the location specified 
for both interlaced and noninterlaced display formats, 
regardless of the number of updates to (Xp.Yp). The 
cursor's venical or horizontal location is not affected 
during any frame displayed 

There are 00 restrictions on updating (Xp, Yp) other 
than both cursor position registen must be written 
when the cursor location is updated. Internal x and y 
position registers are loaded after the upper byte of Yp 
has been wrioen U) ensure one cursor pattern per frame 
at the correct location. The cursor paoem is displayed 
at the last cursor location written. Cursor positioning is 
relative to ENABLE. The cursor position is not 



dependent upon BLANK* (see Figure 6). The cursa Xp 
position is relative to the first rising edge of CLCLK 
when ENABLE is sampled at logical one. The cursor Yp 
position is itlative 10 the first rising edge of (SLCLK 
when ENABLE is sampled at logical one after the 
ENABLE vertical blanking tnierval has been 
determined (see Rgwt 6)* If an ENABLE nnstiion 
from logical xero to logical one (as determined by 
CLCLK) does not occur within 2048 internal pixel 
docks* ENABLE is in vertical UanUng. 

For proper cursor operadon, selection of interlaced Of 
ooQ-interiaced cursor display must be set using bit 
CR23 in Command Register 1 

Figure 7 ts a visual explanation of planar pixel format 
and ciffsor RAM «ny pixel mapping. 

While Che cursor may be disabled by setting bits 
CR20*21 of Command Register 2 to xero, this practice 
is nocitcommended« Ihe reconunended method for dis- 
^ling the cursor is to move it entirely oSscroen by set- 
ting the cursor X and Y location registers to (Pfi). 

Cursor Color Support 

The cursor has three modes for cok>r selection. Bits 
CR21 and CR20 in Command Register 2 determine 
which cursor mode is to be used. Mode 1 is a three<ok)r 
cursor. Mode 2 is a Microsoft Windows^ cursor, and 
Mode 3 is an X-VfTindows cursa (see Table 7). 



BLANK 



.J 



ENABLE 



_r 



CURSOR 
AREA 



OISPUYAREA 



OVERSCAN AREA 



8U 



Figure €. Cursor PosHlorUng. 
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Highlight Logic 

The highlight logic is enabled in cursor mode 2 when 
plane 1 and plane Odaa art logical ones (seeT^ie 7). 
When the highlight bgic is enabled, it ensures that the 
graphics pixel highlighted has a unique color. This is 
because the highlight logic bit-wise complements the 24 
(18>bit graphics palette or bypass dau supplied to the 
DACs. 



Video Generation 

The HSYNC* and BLANK* iqmts are latched on the 
rising edge of GLCLK to maintain synchronization with 
the pixel data. 

Pipelined HSYNC* and VSYNC* are output on the 
HSYNC- OUT and VSWC* OUT pins. 

CR05 command bit specifies whether a 0 w 7 J 
A^^IRE blanking pedestal is «) be used. Command bits 
vi3CR04, CR03, and CR02 specify whether the RGB out- 
iiljpuis contain sync information, 
«4j Tables 8 and 9 deuil how the HSYNC* and BLANK* 
r|:5npuis modify the ouq>ut levels. 



SENSE* Output 

SESSE^ is a logical icro if one or more of the lOR, 
KX3, or lOB outpuu have exceeded the internal voltage 
reference level of the SENSE* comparator dicuiL TTiis 
output determines the presence of a CRT monitor and, 
with diagnostic code, the difTerence between a loaded 
or an unloaded RGB line can be discerned. The refer- 
ence is generated by a voltage divider from the external 
L235 V voltage reference on the VREF pin. For the 
propa operation of the SENSE circuit, the following 
levels should be ^Ued to the comparator with the 
IOR« IOG,«id KXj outputs: 

DAC law V3ittge S 260 m V (see note below) 
DAC High Voltage 2 410 mV (see note below) 

There is an additional ±10% tolerance on the above 
levels when the internal vohage reference is used. Both 
HSYNO and VSYNC* should be a logical xcro for 
SENSE* 10 be stable. The SENSE* output can drive 
only one CMOS load. 

Npir, SENSE values are subject to change upon 
completion of characterization. 



I*- 
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Figure 7. PlMfisr Pix0i Format and Cursor RAM Array PIxsl Mapping. 
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Tabi9 7, Cunor Color Modes. 
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Command Register 0 

*J ''J^ ihc MPU ar any time ind is not iniiiHizcd at pow«r-up. CROO corrtsponds 
to data bus bit DO, the least stgnificant data bit ^ 



CRO 7 



Reserved 



Hiis bit must be written with a 0 to ensure proper oper- 
ation. 



CRO 6 



Clock Disable ANDed with 
CROO 

(P) Nonnal Operation 
(1) Disable Internal 
Oodcing 



When (his bit and CROO are a logical one. the internal 
clock and output clocks art disabled to further con* 
icrve power when in power-down mode. The RAM 
sdO retains the data, and MPU reads and writes can 
occur with no loss of data. When this bit is a logical 
xero, ttttemal doddng is enabled and ou^ut clocks 
win be generated. 



CRO 5 



CRO 
CRO 



*S CRO 



Pedestal IRE 

(0) Disable 

(1) Enable 7J IRE 



Blue Sync Enable 
Green Sync Enable 
Red Sync Enable 
<0} Disable Sync 
(1) Enable Sync 



Tliis bit determines the video blanking pedestal A log- 
ical zero always sets a 0 IRE blanking pedestal and 
aeu7JIRE. 



TT>ese bits specify whether the reqwctive lOB, lOG, or 
lOR ouqmts are to contain sync information. 



W CRO 1 



DAC6/8«Bit Resolution 

(0) 6-bit Operation 

(1) 84it Operation 



This bu specifies whether the MPU is reading and 
writing 8 bitt Oogical one) or 6 bits flogical lero) of 
cok)r information each cycle. 



CRO 0 



Power*Down Enable 

(0) Nonnal Cation 

(1) Power«Down Operation 



While this bit is a logical zera the device opentes nor* 
mally. If this bit is a logical one, the DACs and power 
•0 the RAM and VideoCache~ FIFO are turned ott 
Tlie RAM still retains the data, and CPU reads and 
writes can occur with no loss of data. 

The DACs wiU be turned off during sleep mode only if 
a voltage reference (internal or external) is used. 
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Internal Registers (continued) 
Command Register 1 

TOs register nuy be wriuen » or read by the MPU at any rime. atlO COTO^^ 

kant dau bit (sec Table 10). AD conunand register bits are set lo logical zero upon assening a low signal oo the 
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T§bi§ 10. Mod§t Of Operation (Graphic Pixel Pott Configuration). 
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Tabi§ 11. Modts of Opftion (VUto PIxi Pen Gonflguntlon). 
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fnternal Registers (continued) 
Command Register 2 

This itgisier may be whiten lo or read by the MPU at any time. 0120 corresponds to dau bus bit D0« the least signify 
icant dau biL All command register bits are set to logical zero ui>on asserung a low signal on the RESET^ pin. 



aa 7 



Reserved 



This bit must be wriaen with a 0 lo enstve correa 
operttkHt 



CR2 6 



Reserved 



This bit mtm be written with a 0 lo ensure coma 
operation. 



CR2 5 



True*Golor bypass Enable 
0)) Pixel Addresses Paleoe 
(I) Kxel Bypasses Palette 



When this bit is a logical tero, the pixel palette is 
addressed by the pixel data. When this bit is a logical 
one, the RGB pixel data bypasses the color palette and 
drives the DACs direcdy. True-color bypassing is only 
available for pixd lizes of 16 and 24 bits. 



■jflte CR2 3 
III! CR2 2 



Oscillator Select 

(0) OSC Selected 

(1) OSC* Selected 



Display Mode Selea 

(0) Noninterlaced 

(1) Interlaced 



16*Bit/Pixel Palette Index 
Select 

(0) Sparse Indexing 

(1 ) Contiguous Indexing 



When tfits bit is a logical zero, OSC is selected as the 
TTL pixel clock input When this bit is a logical one. 
OSC* IS leketed as the TTL pixel clock inpuL 



When this bit is a logical zero, the display fmnat is 
noninterlaced. When the bit is a bgtcal one, the dis- 
play format is imertaced. The mode must be set prop- 
erty lo ensure proper operation of die internal cursor. 



When diis bit is a togical sero, palette addressing is 
qwse. Hie RGB color component pixel dau is 
mapped lo the most significant bits of the RGB paleue 
address. The least sigidficant of the palette address bits 
are set to (Q). When this bit is a logical one, palette 
addressing is contiguous. The RGB color component 
pixel dau is mapped to die least significant bits of die 
pakoe address. The most significant bits of the address 
are set to (0). 



CR2 1.0 Cursor Mode Select 

(00) Cursor Disabled 
0)1) 3<olorcursor 

(10) 2<olor/Micn>soft 
Windows^ cursor 

(11) 2<olor/X*Wmdows 
cursor 



These bits determine die functionality of die onboard 
64 X 64 X 2 hardware cursot; 
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Internal Registers (continued) 

Accessing th€ Extended Registers 

An extended register set is used to accocnmodaie all fea- 
tures of the Bt885. Since (here are only four register 
select lines (and all 16 combinations have already been 
used), the extended ttgisters must be accessed indi* 
rectly. 

For example. Command Register 3 is accessed with 
(he following sequence of operations: 



1. Set RS3-RS0 > 0000, Address Register. 
1 Whte Address Register lo 0x02 

3. Set RS3-RS0 « 1010 (Extended Address 
Register). 

4. Read or Write Qmmand Register 3. 

Table 12 shows the indirect addressing mapping for 
each extended register. 



Addraaa Register Valua 


Eztandad Raglstar Name 


0x00 


Stacui Rcfisicr 1 (read only) 


0x01 


Status Register 2 (read/write) 


0x02 


Command Resistor 3 


0x03 


Commnd Register 4 


0x04-0x05 


Vjdoo Window XSTARr.Uw A High 


0x06.0x07 


Video Window YSTARTUw A High 


0x08-0x09 


Yydm Window XWIOTH*Low A High 


OxOA-OxOB 


Video Window YHEIGHT-Uw A High 


OxOC-OxOF 


RCMTVOd 


0x30-0x11 


XCAL£INTT*UwAHigh 


0x12-0x13 


XSCAL£INC.Lo« AHsfh 


OxU.Oxl? 


Rastfvod 


0x18-0x19 


Sena] Clock Enable Stan (Harizomal)*Low A High 


OxlA-OxlB 


Serial Clock Enable Duration (HoiizomalVLow A High 


OxlC-OxlD 


Serial Oodc Enable Sian (Vcnical>4^w A High 


OxlE-OxlF 


Serial Clock EnaUe Duration ( VcniealVLow A High 


0x20 


DIVOXl Raie 


0x21 


DIVCLK2Rate 


0x22 


RoMTved 


0x23-0x25 


Color Mask 


0x26 


Rcscrvod 


0x27-0x29 


Color Key 


0x2A-0x2D 


Reserved 


Ox2£ 


VideoCadie^ FIFOStxe 


0x2F-0xFF 


Reserved 



Tabi9 12. exfna»d ntglsttn Aoanss Map. (FtS3-tiS0 c lOiO) 
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Command Register 3 

This register may be written to or read by the MPU at any iimc.CR30conne^)ond$todaubus bit DO, the least signif- 
icant dau bit All command register bits are set to logical icro upon asserting a low signal on the RESET* pin. 



CR3 7 



MOOEO Input/Ootput Selea 

(0) MODEO Input 

(1) MOOEO Output 



Tills bit determines if the MODEO pin is configured as an 
input or an oitqxit. 



Ml 



CR3 6 Enable Internal Load Gock 

(P) UseGLCLK 
(1) Use Internal Load Qock 



CR3 5 Drva.K2 Selea 

(Q) DIVCLK2 Enabled 
(1) DIVCLK2 Disabled 



CR3 4 ECL Clock Selea 

W TIL Level Clock 

Selected 
(1) DiflTerential ECL Level 
Clock Selected 



CR3 3 



CR3 2 



2x Qock Multiplier Selea 

(0) 2x Qock Multiplier 
Disabled 

(1) 2x Qock Multiplier 
Enabled. 



DIVCLKl Selea 

<P) DIVCLKl Enabled 

(1) DIVCLKl Disabled 



CR3 LO MSBs for 10-bii Address 

Counter 

CR3I-A9 
CR30-A8 



30 



In applicadons where an external load dock is not pro- 
vided, setting CR36 • 1 aUows the internal load clock 
determined by the graphics mux me to tmenially sample 
the graphics ii^ut pixels, blanking, horizontal, and verti- 
cal sync inputs. Setting CR36 • 0 causes B i88S tt) sample 
these inputt on the basis of GLCLK pin. 

A bgical aeio must be written to this bit lo enable the 
graphics divide-down dodc DIVCLK2, to be output A 
logical one written to this bit three*state$ the DIVCLK2 
output 

A k>gicai one written lo this bit enables the differential 
ECL ckxk input buffer using OSC and OSC* as inpucs. A 
logical aero written to this bit disables the ECL ck)ck 
buffer and aUows OSC, GLCUL or the 2x clodc multi- 
plier to directly drive the logic. If a logical one is written 
to this bit then the dock multq)Iier and TIL dock sdec- 
tions are overridden. If CR34« I, then bit CR33 will be 
ignored. 

Tliis bit enables or disables the 2x dock multiplier. A log- 
ical one written to this bit enables the onboard 2x TIL 
clock muhiplier for high-speed operations. A logical zero 
written to tilts bit will disable rite dock multiplier and will 
alk)w die external dock source to directly drive die logic. 
If CR34 « 1, tfien dus bit win be ignored. 

A k)gical wo must be written to tfus bit lo enable Ae 
video divide-down clock, DIVCLKl, «) be output A logi- 
cal one written to tfiis bit dvee-states die DIVCLKl out- 
put If DIVCLKl Selea is aet to one, dien die SEN output 
pin is dtfte-stated as well. 

CR31andCR30are2MSB$of die 10-btt cursor address 
cotmter. To set this cotmter to vcess a particular location 
indie64 x 64 x 2cursorRAManiy,diese2bits must be 
written 10 GMimand Register 3 before die lower 8 bits are 
written 10 die address counter duough die MPU port. As 
die 10-btt address counter auuiincrements, die new values 
of dus register cante read back d&ough CR31 and CR30. 
The contents of tiiis counter will be reset wtdi die asscr- 
uon of die external RESET pin. 
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Command Register 4 

This register may be whuen to or read by the MPU at any time and is not initialized at power*up. CR40 corresponds 
to dau bus bit DO. the least significant data bit AH comnund register btu are set lo logical zero upon asserung a low 
signal on the RESFI^ pin. 



CR4 7 



VideoCache™ FIFO Reset 

(0) Normal Operation 

(1) Reset VideoCachc'*' 
FIFO 



A logical zero written to this bit, enables normal Video- 
Cache^ FIFO operation. A logical one written id this bit 
resets the VideoCache^ FIFO after four video toad 
docks. Reset value is zero (normal video FIFO operation). 



CR4 6 



Color Key Override 

(0) Normal Color Key 
Operation 

(1) Video ^mdow Override 



A logical zero written to this bit, enables standard color 
key operation. A logical one written to this bit enables 
video based only on the video window. Reset value is bw 
(normal color key operation). 



CR4 5 



Set MODEO State (CR37 >1) 

(0) MODEO pin low 

(1) MODEO pin high 



Get MODEO State (CR37 « 0) 

(0) MODEO pin externally 
driven low 

(1) MODEO pin externally 
driven high 



WbenCR37« 1, this bit controls the state of the MODEO 
outpuL A logical one wriaen to this bit sets the MODEO 
pin to high. A logical zero written to this bit sets the 
MODEO pin low. 

When CR37 « 0, this bit indicates the state of the MODEO 
input A logical one read from this bit indicates that the 
MODEO pin is driven high. A k>gica] zero read from this 
bit indicates that the MODEO pin is driven high. A logical 
zero read from this bit indicates that the MODEO pin is 
driven low. 



CR4 4 



Video Pixel Display Order 

(0) Little Endian 

(1) Big Endian 



This bit controls the display order of the video pixel pon. 
A togical zero written to this bit displays video pixels in 
least significam to most significant order. A togical one 
written to this bit displays video pixels in most significant 
to least significam order. Reset value is low (liole endian 
order). 



CR4 3 



CR4 2 



Color Key Mode Seiea 

(0) Before Paleue 

(1) After Palette 



VideoCache"* Unload Selea 

(0) Unload Within Video 
Window 

(1) Unload Rom Stan of 
Active Graphics Enable 



This bit controls whetha color key matching occurs on 
the pixel value before or after the palette. A logical zero 
written to this bit selects cokv key matching on the pixel 
value before the palette. A logical one wriuen to this bit 
selects cok>r key matching on die 24^it RGB value after 
the palette. Reset value IS tow (cobr key before paleoe). 

This bit consols whether VideoCache^ FIFO data is 
unloaded only within the video window or at all times dur- 
ing active graphics enable. 



CR^ I.O 24-bii Component Order 

(00) RGB 

(01) BRG 
(10) BGR 
(U) Reserved 



This bit controls the component latching order in 24«bit* 
per*pixel graphic modes. 



31 



ATI020C 



Btg85 



Brooktree 



Internal Registers (continued) 



Pixel Read Mask Register 

The 8-bii pixel itMd mask register may be wriucn id or read by the MPU at any time, and is not inidalizcd at power-up, 
DO u the least lignificam biu The contents of this register are bit-wise ANDcd with the pixel dau ppior to addressing 
the color palette RAM. 

Status Registers 1-2 

These two 8-bii siatt« registers are provided for device idcmificai^ 

read by titf MPU at any time MPU write cycles to sattis register 1 are ignored. DO is the least significant bit corre- 
sponding «) SRIO or SR20. These registers are not reset during powernip/^^ 

These bits are i4Sentification values; SRI? « 1 and 
SR16«a 

These bits are revision values; they are always logical 
aero (00). 

This is the SENSE* bit If it is a logical aero, one or 
more of the lOR, lOG, and lOB outputs have exceeded 
the internal voltage reference level (335 mV). This bit 
is used to determine the presence of a Otr monitor 
and, with diagnostic code, the difference between a 
loaded or unloaded RGB line can be discerned. The 
360 mV reference has a ±100 mV tolerance when an 
external voltage reference equal to 1135 V is used. A 
greater tolerance is expected when an internal refer- 
ence equal to 11 V is used. 

This bit provides RD/WR suuis when Addrtss Regis* 
ler 0x00, 0x03, 0x04, or 0x07 has been whaen . When 
Address Register 0x00 or 0x04 has been wtioen, the 
device is in the write mode and this bit is a logical 
aero. When address register 0x03 or 0x07 has been 
whuen, the device is in the read mode and this bit is a 
bgicalone. 



SRI 7-6 Chip Identification 

SRI 5-4 Chip Revision 



H SRI 3 Moniwr Sense 



SRI 2 Read/Write access 

(p) Write Cycle 
(1) Read Cycle 



SRI 1-0 



SR2 7 



RGB Component Counter 

(00) Red Color Component 

(01) Green Color 
Component 

(10) Blue Color Component 

VidcoC:achc«' FIFO Under- 
flow 



When read, these bits reflea the color componem 
address for the next RD/WR cycle when accessing the 
palette, cursor coicx' registers, or overscan register. 



Reading this bit as a one indicates that VideoCache^ 
FIFO underflow occurred. Reset by writing any value 
to Saus Register 1 



SR2 M 



Reserved 



These bits will always be read as aero. 
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Video Window XSTART 

Video Window XSTART is a 12-bit register that 'Stores 
the staning X position on the screen for a video window, 
A value of zero indicates thai the video window begins 
in the fint (leftmost) pixel of evh horizontal scan line. 

Video Window YSTART 

Video Window YSTART is a 12-bit register that stores 
the staning Y position on the screen fora video window. 
A value of zero indicates that the video window begins 
on the fim active gnphics scan line. 

Video Window XWIDTH 

Video Window XWIDTH is a 12-bit register that stores 
the number of puds per scan Une within the video win- 
A value of zero indicates that no pixels are in the 
video window. 

^Ideo Window YHEIGHT 

IgVideo Window YHEICHT is a 12-bit register that stores 
4^ihc number of scan lines within the video window. A 
y value of zero indicates that no scan lines are within the 
^\ video window. 

^SCALEiNiT 

ij^^^^"^^ « a 1 2-bii regwicr that stores the initial icnn 
^'fi^ ^e hohzontaJ scaler. 

"hsCALEINC 

XSCALEINC is a 12-bii repstcr that stores the incre- 
ment torn for the horizontal scaler. 
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Serial Clock Enable Start 
(Horizontal and Vertical) 

Serial clock enable start (horizontal and vertical) are 
12-bit registers that store the number of scan lines and 
DlVdJCl cycles before enabling the external clock 
pie, starting at the leading edge of HSYNO for the 
hcvizontal directiott nd the leading edge of VSYNC* 
for the vertical directioa. 



Serial aoek Enable Duration 
(Horizontal and Vertical) 

Serial dock enable duration (horizontal and vertical) 
are 12-bit registers that nore the number of aerial shift 
dock cydes lo be generated per acan line in tmits of 
DIVCLKl cydes for the horizontal direction, and in 
units of scan lines for the vertical direction. 

DIVCLKl and DIVCLK2 Rate 

DIVCLKl and DIVCLX2 rate n two Mrit registers 
that control the divide rate of die free running DIV- 
CLKl and DIva.K2 divide-down docks, respec- 
tively. The divide-down ratios need not be the same as 
the input mux rate: 

(000) . 1:1 

(001) -2:1 

(010) -4:1 

(011) -8:1 

(100-111). Reserved 

VideoCache^ FIFO Size 

This register indicates the length of the Video- 
Cachc~ FIFO buffer in 16^>yie units. This is a read- 
only register. 



33 

ATI020047 



Bt885 



Brooktree* 



Internal Registers (continued) 

Cursor (x,y) Registers 

These regisiers aie used to specify ihe (x,y) coordi* 
natc of the 64 X 64 X 2 hardware cursor. Ihe cursor (x) 
register is made q) of the cunor (x) low register 
(CXLR) and the cursor (x) high register (CXHR): the 
cursor (y) register is made q) of the cursor (y) low reg- 
ister (CYLR) and the cursor (y) high register (CYHR). 
The last value wrioea by the MPU lo these registers is 
the value returned oo a read. These registers may be 
written to or read by the MPU at any time. 

CXLR and CXHR are cascaded 10 form a 12-bit cur* 
sor (x) register Similarly, CYLR and CYHR are cas- 
caded to fonn a 12-bi( cursor (y) register. Bits D4-J)7 of 
CXHR and CYHR are ignored and should be written as 
zeros. 

The cursor (x) value to be written is calculated as fd* 
1 tows: 

^ Xps desired di^lay screen (x) positions* 64 

9j where the (x) reference point for the display screen, X s 
% 0. is the upper left comer of the screen. The Xp position 



equation places the upper lefthand comer of the cursor 
RAM amy lo the desired screen location. This allows 
the cursor position lo be defined in the same coordinate 
space as the Krcfn. 

\Uues from 0 10 409S may be written into the cursor 
(x) register. If Xp is equal to zero, the cursor will be 
entirely offscreen. 

The cursor (y) value lo be wriaen is calculated as 
follows: 

Yp • desired display screen (y) position 4» 64 

where the (y)refierence point for the display screen, y* 
0, IS the upper left comer of the screen. The Yp position 
equation places the upper lefi comer of the cursor RAM 
array u) the desired screen location. This allows the cur- 
sor position to be defined in the same coordinate space 
as the screen. 

VUues fiom 0 to 409S may be written into the cursor 
(y) register If Yp is equal to zero, the ctnor win be 
entirely offscreen (see Cursor Operation in the Circuit 
Descr^Kion section). 





Cursor (k) High 
(CXHR) 


Cursor (X) Lew 
(CXLR) 


Oau Bit 


03 


02 Dl DO 


D7 


D6 


D5 


D4 D3 02 


Dl 


DO 


11 X AddrtM 


xn 


XIO X9 X8 


X7 


X6 


X5 


X4 X3 X2 


XI 


xo 





Cursor (y) High 
(CYHR) 


Cursor (y) Lew 

(CYLR) 


DstsBIt 


D3 D2 Dl DO 


07 D6 OS 04 03 02 Dl OO 


V Address 


YU YIO Y9 Y$ 


Y7 Y6 Y5 Y4 Y3 Y2 Yl YO 
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Q 

s 



R«glsttr Narrw 



Comnund Rcfister 0 



Coauncid Rc|tstcr 1 



Commmd iU|iticr2 



Comiiund Rcfiscer 3 



Cemmoid lUfitier 4 



VidapWhdpw XSTART-Low A Hi«h 



Vid« UTndow YSTART-Uw A Hi|h 



Vid« Vndow XWIDTH-Uw A Hi«h 



Vid« Window YHBCHT-Low 4k Hifh 



XSCALEZNTT-Low A High 



XSCALQNC-Low^Htgh 



5qiilCtecfcEn>Mc Sun (Hori«mul)-Uw & High 



SqialOodcEitiblc Durttton (Hori2omil).Law t High 



StfulQock Enable Sun (VmictD-Uw & High 



Scri4>aockEn*bl< Duruion (Vbuc«I)-Low 4 High 



DIVCLKllUu 



DIVCLX3IUtc 



Color Mask 



Color Key 



nrositt 



Color FtkaclUM 



Fuel Rc^ Mask 



Cdbn 



OvtneaD Color 



Cursor X.Y 



CwaorRAMamy 



Initial Valuo 



Noi Imtializad 



Koclniiialtzad 



Noclmtializad 



Not Intiializad 



Noc Ittttializad 



Noc Imtializad 



Not Inibalizod 



Noc Initialized 



Not Inicialized 



Noc Inttialixad 



0x32 



Noclniiiaiizfld 



O&FF 



Nocbtttializad 



Noc Initializad 



Noc Iniiializad 



Noc Inictalized 



nbi§ 13: R0gist§r VMiu§$ on fi§ut 
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PinNcRM 



Pini 



OMcription 



RESET* 



BLANK* 



72 
98 



ENABLE 



96 



mi 



a3= 



ODD/EVEN* 



95 



osc. 
osc* 



DIVCLKl 

DIVCLK2 

FIFO 
RESET- 

GLCLK 
VLCLK 



131. 
132 



127 



128 



14 



130 



13 



Rwei input (TTL compaiible). When this agnal is low. til the command ttpsta 
bitt at sttiialized to sera end the device is in VGA mode. 

Composiie blank eoBtrol input (TIL compau'ble). A logical sere drivcg the analog 
ou^uts to the blanking level, as qMcified in Tables 8 and 9. It is latched on the 
risiag edge of GLCLK. When BLANK* is a logical sero. the pixel ii^ are 
ignored The falling edge of this signal detennines the polarity of the HSYNC* 
and VSYNC* input pins. The ooboaid cunor positioning eouniers are refereoced 
10 this signal. 

Ceo^osiie display enable eeoBol input (TTL eoRTadblcX The state of this signal 
■nd BLANK* detennines whether the analog ou^ou are blanked Of '^****in i cur* 
SOT color, pixel, or ovencan dtu. TUs sifnil is Uicbed on «hc rimg odge of 
CI£LIC If ovmcinnmi is 001 used, this pin shouM be Ued to B 
lowtng uble lisu the corabtnitions ofENABLf end BLANK": 





BUNK* 


Oporetlen 


X 


0 


Video Bleakng 


0 


1 


OvencenDeu 


1 


1 


Ciffsor Color or Pixel Dau 



Odd/^cn field ii^ (TTL cornptu^le). TUs si^M] should be cfaented only dur- 
ing vcnical blank. This input is used lo ensure proper operation of the onboerd 
cuTMr when interiaced operation (coovnand bit CR23 • 1) is selected. When this 
signal is a logical zero« an even field is specified. When this signal is a logical 
one, an odd field is ^)ecified. This input is ignored if nonintertaced operation 
(command bit CR23 « 0) is selected 

Pixel clock ir^ui (ECUTTL compatible). This input is an £CL<ompau'ble input, 
but a TTL dock may be used on either OSC or OSC* if selected by CR24 in 
Command Register 1 (CR34 ■ 0). It is recommended that all clock inputs be 
driven by a dedicated buffer to avoid refiection-induoed jitter. 

Frame buffer shift clock output (TTL compaUble). The signal on this pin is equal 
to the selected pixd dock divided by 1 < 2, or U depending on the selection 
the DIVCLKl rate register. Tins output hu low drive c^bility 

Frame buffer shift dock output (TTL coh^*ble). The signal on this pin Is equal 
to the sdeaed pixd dock divided by 8, 4. 1 or 1, depending on the selection in 
the DIVCLK2 rate register. This ou^ hu low drive capability. 

A low vahie ^lled to thU pin enables normal VideoCache^ FIFO operation. A 
ansition from high to low on this pin resets the VideoCache^ FIFO. 

Graphics port input load dock (TIL compatible with hysteresis). The rising edge 
of this signal latches P7K) (A-D), BLANK-, ENABLE HSYNC*. and VSYNC*. 

Video port input load clock (TTL compatible with hysteresis). Th^ rising edge of 
ihu signal latches P7.-0 (E-H). 
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Pin Descriptions (continued) 



Ptr Nam* 


I/O 


Pin« 


Dcteriptton 


r?:0(A-H) 


I 


See 
Oiag 


Pud pon inpuu (TTL comptUble). lUs pan c«n be used in various modes ts 
shown in Tables 10 ind 11, for video «nd or inphtcs inpuL It is rBcommcBded 
that unused piss be lied lo (round lo lower the device's power consun^oa 


VALID 


I 


15 


\Ueo pon input pizd dau valid si(nal (TTL compatible). 


READY 


0 


12 


VMeo pon input pixel dau ready sifnal (TTL compatible, low drive). This signal 
can be sync^onously sampled usin| the risini «d|e of VLQJC This sgnal 
changes only JoUowmg t nsaii edge of VLCUC. 


HFULL 


0 


11 


VLdeoCtche^ FIFO half^ftill or gretter ftgnal. (TTL eocnptsible, low drive). 


SEN 


0 


126 


DIVOJCl giting oomrol sigru3 (TTLconiiitibte . low ve). Ii msy be used lo 
cstenully gate the DIVCLKl ouiptu lo geaente i gated version of DrvCLKl. 
Tltts atgnal changes only during DIVCLK I low duration. The stan time and dun- 
don of the pulse fftin may be programmed felative to the leading edge of 
HSYNC^andVSYNC*. 


MODEO 


VO 


91 


General purpose registered input/output (TTL compatible) set or read using 
CR45. Seieciion of input or output is made using CR37. 


MODEl-3 


VO 


29. 
17. 
19 

73 


Reserved for bum expansion. Must be tied high with a lOK pullup resistor. 


WK 


f 
1 


Write control input (TTL compatible with hysteresis). XX>--D7 dau is latdsed on 
the rising edge of WR«. and RS0-RS3 are latched on the falling edge of WR* 
during MPU write operations. RD* mi WR« should not be asserted simulu* 
neously. 


RD» 


I 


74 


Read control input (TTL compatible with hysteresis). To read dau from the 
device, RD* must be a logical zcra RS0-RS3 are latched on the falling edge of 
RD* during MPU read operations. RD* and WR* should not be asserted simulu- 
aeously. 


I RS0-RS3 


I 


75- 
78 


Regisur select inpuu (TTL oompatible). RS(MU3 specify the type of read or 
write opcntion bdng perfoimed, u specified in Tables 1 and 2. 


D0-D7 


VO 


83- 
90 


Dau bus (TTL oompadble). Dau is irsufcmd into and out of the device over 
this S<Mi bidirectional dau bus. DO is the least significant bit 


SENSE* 


0 


71 


Comparator sense ouq)ut (CMOS oon^adble). Tlus pin will be low if one or more 
of the lOR, lOG, and lOB analt^ output levels is above the tnumal comparaior 
reference of 350 mV i50 mV 


IOR.IOG, 
lOB 


A.0 


55. 
58. 
61 


Red. green, and blue current outputs. These high-impedance current sources can 
directly drive a doubly-temunated 75 Q coaxial cable (see the PC Bond Layout 
Considerations section for further inforaution ). 


HSYNC" 


I 


97 


Horizontal sync eonool input (TTL compatible). 


VSYNC» 


I 


99 


Venica] sync control input CTTL con^atible). 
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Pin Descriptions (continued) 



Pin Namt 



I/O Pin$ 



0«aerlptlen 



HSYNCOUT-J O 
VSYNCOUT"] 



FSADHJST 



AJ 



48. 
49 

52 



VREFOUT 



VREFIN 



COMP 

VAA 
AGND 

GND 



A.0 64 



AJ» 

G 



Pipeline delayed horizonul and vertical aync oonirol sgnals. 



RiO-fcalc adjust conool. The IRE iclatiauhqM in Ftfures 4 and 5 are tw.im.jn^^ 
itgaidleu of ibe Aill-acale output cuneoL 

W)wnaaexicnttloriheinenulv^ta|ei«fcRneeisnaad(teerifufa 10 nd 11 in 
Ae PC Board Layow Considentions aeetioB), a itsisier (RSET) conneeted 
between this pin and GND eoosols the nagnnide of die faU<«eale video signal 
The ftlaaonhip between RSET and the iUl<aeaJe owpu cunem OB each oiuput is 

RSET (Q) - K • 1 .000 • VREF (V) / loot (mA) 

K is defined in the table below, b is noommended that a 147 Q RSET itsisior be 
used for donbly-tcrminaied 7S loads (ix^ RS-343 A applicauons). 





Syne EnabM 


Syne OlMbM 


8«tup 


ems 


73 IRE 


OtRE 


r^rRE 


K(Mit) 




3.QS5 


2.045 




K(e-b)t) 


3.000 


3.170 


ZlOO 


Z260 



K values «re subject to ehanfe upon completioo of chanctehzttion. 

A,0 I 68 I \blugc reference outpuL This output provides t IJi V (typicti) reference tnd may 
be coonecwd <lirecUy to the VREF pin. If the on<hip reference U not used, to 
may be left Aoaun|. See Figms 10 and 1 1. Up to four Bt885s can be driven by this 
output 

AJ I 67 I ^felugereferenceti^utJfw^xtenuJvoluie reference is used (Fifurel IX 

fiipply this input with a U V (cyj^) reference. A 0.1 »iF ceramic capacitor must 
be used 10 decouple this ii^ to GND, u shown in Fifures 10 and U. The decou- 
pling capacitor must be as close to the device as possible to keep lead lofths lo an 
tbsolttie minimum. When the imcmal reference is used, this pin should not drive 
any external circuitry, other than the decoupling capacitor (Figure 10), 

Compensation pin. A 0.1 mlF ceramic capacitor must be used to bypass this pin to 

Vaa. The COMP capacitor must be as close tt possible to the device to keep lead 
lengths to an absolute minimum. 

See^ Analog power. All VAA pins must be comected to the same analog power plane. 



See 
Diigl 



Analog ground. All AGND pins must be connected to a common ground plane. 



See I>>g>ul ground All GND pins must be connected to a common ground plane. 
Diag 
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Pin Descriptions (continued) 



lltlEiiniiliiiiiinitliiilhtsstsssssll 



!S!:!8sssi{|fllfi!l{iS*s**SS>**S*«*ISS«s 



•Ho£ ia 
mot 



«oeC 



ft 
•oC 

•oC 
ft 

m»t 



mt 

mt 
ml 



la 

m 

Ul 

tat 
m 

itr 

tM 



Ml 
Ul 



1W 
IK 



"3' 
••3' 



•«3 
•3 

••3 

■3 ' 

«3 

••3 

-3 

• 3 

••3 ' 

*>2 ' 

••3< 

-3' 

••3' 

•>] , 

•3' 

t.] , 

-3 ' 
-3' 
*3 ' 

«], 

-3' 
-3 ' 
-3« 
«} . 
«D' 
«3< 



1st 



ts:ssts«cs«c6txas«8s««&«tt 



ouuuuuuuuuuuuuuuuuuuuuuauuuuuumuuuuuuuuu 
||!ISiiEIE|||p||CpiIii{ni|nf If Mlill 



Note: All pins marked NC are reserved for futint expansion and MUSTbt kft floating. 
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PC Board Layout Considerations 

PC Board Considerations 

For opamum perfomuncc of the Bt885, piDper CMOS 
CacheDAC^ liyout techniques should be studied in 
the Bi4S 1/7/8 Evaluation Module Opeiation and Mea- 
surements, Application Note (AN-ld), before PC board 
layout is begun. TUs application note can be found in 
Brookiree*s Applications HandbooL 

The layout should be optimized for lowest noise on 
the Bt power and ground planes by providing good 
decoupling. The nee length between groups of VAA 
and CND pins should be as short as posst'ble to mini- 
mize inductive ringing. 

A welt-designed power distribution network is criti- 
cal to eliminating digital switching noise. The ground 
plane must provide a low^pedance return path for 
the digital dicuits. APC board with a minimum of four 
Q liycn is recommended, with Uycisl (top) and 4 (bot- 
torn) for signals and layers 2 and 3 for power and 

Component Placamant 

iSz: Components should be placed as cbse as possible to 
the associated CacheDAC** pin. Whenever possible. 
|J» components should be placed so traces can be cm- 
^ k^^ nected point 10 point 

The optimum layout enables the Bt88S to be located 

*$ close as possible to the power supply connector and 
; jp] the video output connector 

i %i 

Ground Planes 

I J^^ For optimum perfwmancc, a common digital and ana- 
4J log gnmnd plane is recommended. 

Power Planes 

Separate digital and analog powa planes are recom- 
mended. The digital power plane should provide power 
to all digital logic on the PC board, and the analog 
power plane should provide power to an Bt88S power 
pins, VREF circuitry, and COMP and VREF decou- 
pling. There should be at least a 1/8-inch gap between 
the digital power plane and the analog powa plane. 

The analog power plane should be connected to the 
digital power plane (VCQ at a single poim through a 
fenite bead, as illustrated in Figures 10 and II. This 
bead should be located within 3 inches of the Bi885. 
The bead provides resistance to switching currents, act- 
ing as a resistance at high frequencies. A low-resis- 
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tance bead should be used, such as Ferroxcube 
5659065-3B, Fair-Riie 2743001111, or TDK BF45- 
4001. 



Device Decoupling 

For optimum performance, all capacitors should be 
located as dose as possible to the device, and the 
shonest possible leads (consistent with reliable opera- 
tion) diould be used to reduce the lead inductance. 
Chip capacitors are recommended for minimum lead 
inductance. Radial lead cenmic capacitors may be 
suhstioited for chip capacitors and are better than axial 
lead editors for self-resonance. Values are chosen 
10 have self -ctsooanoe above the pixel clock. 

Power Supply Decoupling 

The best power supply decoupling performance is 
obtained with a 0.1 uF ceramic capacitor in parallel 
with a QJOl (iF chip capacitor decoupling each group 
of VAA pins to GND. The capacitors should be placed 
as dose as possible to the device VAA and CND pins 
and connected with short, wide traces. 

The 10 iiFcapadtor shown in Figures 10 and II is 
to tow-frequency power supply ripple; the 0.1 
capadtors are for high-frequency power siqyply noise 
rejection. 

When a linear regulator is used, the power-up 
sequence must be verified to prevem latchup. A linear 
regulator is recommended lo filter the analog power 
supply if the power supply noise is greater than or 
equal to 200 mV. This is especially imponant when a 
switching power supply is used, and the switching fre- 
quency is dose 10 the raster scan frequency. About 
10% of the power supply hum and tipple noise less 
than 1 MHz will couple onto the analog outputs. 

COMP Decoupling 

The COMP pin must be decoupled to VAA, cypicaDy 
with a 0.1 mF ceramic capadtor. Low-&«quency sop- 
ply noise will require a larger value. The COMP 
capadtor must be as dose as possible to the COMP 
and VAA pins. A surface-mount ceramic ehy capKi- 
aor IS preferred for minimal kad inductance. Lead 
inductance degrades the noise rejection of die circuit. 
Short, wide trues wUI also reduce lead inductance. 

If the display has a ghosting problem, additional 
capadiance ih parallel with the COMP capacitor 
may help. 
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PC Board Layout Considerations (continued) 



VREF DBCOupling 

A O.I uF ceramic upacitor should be used to decouple 
this input to GND. 

DlgitBl Signal Interconntet 

The digital inputs lo the Bt885 should be isolated as 
much as possible from the analog ouqnus and other 
analog circuicry. Also, these input signals should not 
overlay the analog power plane or analog ouq)ut sig* 
nals. 

Most of the noise on the analog outpuu will be 
caused by excessive edge rates Cess than 3 ns), over- 
shoot, undeishoot, and ringing on the digital inputs. 

The digital edge rates should not be (aster than nec- 
essary, as feedthrough noise is proponional to the digi- 
tal edge rates. Lower-speed appUcations wiU benefit 
Q^from using lower-speed logic as edge rates) to 
)^ reduce dau-related noise on the analog outputs. 
:|p Transmission lines will mismatch if the lines do not 
jajmaich the source and destination impedance. This will 
Ijdegradc signal fideUty if the line kngih reflection Ume 
-p«is greater than one fourth the signal edge time (refer to 
I j^njokffec Application Notes AN-11 and AN-12). Line 
,|:!|termination or line-length reduction is the solution. For 
I J^examplc. logic edge rates of 2 ns require line lengths of 
■ rtess than 4 inches without use of termination. Ringing 
: may be reduced by damping the line with a scries rcsis- 
: f lor (30-300 Q). The RS-select inputs and RD'AW- 
^ verified for proper levels with no ringing, 
rgundcrshooi, or overshoot Ringing on these lines can 
f j^ cause improper operation. 

vSi Kadi^uon of digital signals can also be picked tip by 
analog circuitry. TWs is prevented by reducing the 
^ligiiaJ edge rues (rise/TaD time), minimizing ringing 
with damping resistors, and minimizing coupUng 
through PC board capacitance by routing ihe digital 
signals at a 90 degree angle to any analog signals. 

The clock driver and all other digital devices must 
be adequately decoupled to prevent noise generated by 
the digital devices from coupling into the analog cir- 
cuitr>. 

Clock interfacing 

The Bt885 requires a pixel clock with monotonic ckck 
edges for proper operation. Impedance mismatch on 
the pixel clock line will induce reflections on the pixel 
clock, which may cause erratic operatwn. 



The Pixel Cock Pulse Width High Time and Pixel 
Oock Pulse Width Low Time minimum specifications 
(see the AC Characteristics section) must not be vio- 
lated, or erratic operation can occur. 

The pixel clock line must be terminated to prevent 
impedance mismatch. A series termination of 33-^ Q 
placed at the pixel clock driver may be used, a a paral- 
kl termination may be used at the pixel clock input to 
the CacheDAC^. A parallel termination of 220 Q to 
VCC and 330 Q 10 ground will provide a Thevenin 
equivalem of a 110 Q termination, which is nomially 
suiBciem lo absorb reflections. The aeries or parallel 
resistor values should be adjusted to provide the opti- 
mum clock signal fidelity. 

MPU Control Signal Interfacing 

Ttit Bt885 uses the RD*. WR*. and RS lines to deter- 
mine which MPU accesses wiU take place. Glitches or 
ringing on any of these lines may cause improper MPU 
operation. When a VGA controller with edge rue con- 
eol is used on these lines, a series termination is not 
necessary. In non-VGA controller at^licadon or in 
applicadons where the MPU control signals are daisy 
chained, a series termination, pull-down resistors, or 
additional capacitance to ground should be used to pre- 
vent glitches that could cause imprq)er MPU accesses. 

Analog Signal Interconnect 

The Bt885 shouU be located as close as possible to the 
output connectors to minimize noise pickup and reflec- 
tions caused by impedance mismatch. 

The analog ouqwts art susceptible to crosstalk from 
digital lines; digital traces must not be routed under a 
ad jacem to the analog output oaces. 

To maximize the high-frequency power supply 
rejection, the video output signals should not overlay 
the anak}g power plane. 

For maximum performaitce, the analog video output 
impedance, cable impedance, and load impedance 
should be the same. The load resistor connection 
between the video ouqMts and GND should be as close 
as possible to the BtSSS to minimize reflections. 
Unused analog outputs should be connected to GND. 

Analog output video edges exceeding the CRT mon- 
itor bandwidth can be reflected, producing cable-length 
dependent ghosts. Simple pulse filters can reduce high- 
frequency energy, reducing EMI and noise. The filter 
impedance must match the line impedance. 
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PC Board Layout Considerations (continued) 
Analog Output Protection 



Brooklree' 



The BiSSS analog output should be pnxected against 
high^nergy dischajges, such as those bom monitor arc- 
over or from hot-switching AC<ouplcd monitors. 

The diode protection circuit shown m Figures 10 and 
II can prevent latchup under severe discharge condi- 



tions without adversely degrading analog transition 
times. The 1N4148^ pans ait lowop^itance, fast- 
switching diodes, which are also available in muitiple- 
device packages (FSA2S0X or FSA270X) or surfk:e- 
moumable pain (BAV99 or MMBO7002). 



•V(VCCJ 




OACOiilM 



© 















ONO 





OMcriptlen 


Vendor Part Number 


C1-C12 " 

ci3-ai 

C22 
LI 

R4 

RSET 


0.1 oemsc ctpvitor 
0.1 |if ooimtc chip ctpKitor 
lO^Fctpmor 
fcrhtebcad 

750 l^inetalfilffl resistor 
15 Q 1 % mctil film resistor 
1% metal film resistor 


kr» RF£112Z5U104M50V" 

AUXmOTTlCDQAlOlS 

MilloryCSRllGIOeKM 

F«ir*Ritt274300Ull 

Dale CMf -550 

Di]eCMF-55C 

D«leCMF-55C 



ngurt 10. Typicl Connection DiMgram ,nd Pans Ust (M»m,l Voltag, R»fonne»). 
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PC Board Layoui considerations (continued) 



Btm 



•»(veci 




VM 



oacomm 



© 











Location 


Otscription 


Vondor PartNumbor 


C1-C12 
C1VC21 
C22 
LI 

RLRZR3 

R4 

R5 

RSET 


0*1 UF ccnmte chip ctpMiior 
10 mF capacitor 
(affile bead 

% n 1% mettl film mistar 
15 O 1 % meu] film rcsiuor 
15 Q 1% fflcttl film rcsiuar 
l^metilfilmmittor 


fine RPEn2Z5U104M50V 

AUxniomosQAioia 

M«UoryCSRl3G106KM 

Fftir-Riu 2743001111 

Di]eCMF.55C 

DaleCMF.55C 

DaleCMF*55C 

Dal«CMF.55C 



Figur, 11. jypict Connection Dlsgram »nd Pans Usi (ExtamMi VoHag. Momnee). 



43 

ATI020057 



Bt88s Bnxktree* 

Application Information 



Using Multiple Devices 

When multiple Bt883s are used, each Bt885 should 
have its own power plane ferrite bead. If the interna] 
reference is used, each Bt885 should use its own inter- 
nal refexence. 

Although the multiple Bt885s may be driven by a 
common external voltage/currtm reference, higher per- 
formance may be obtained if e^h CacheDAC^ uses 
its own reference. Iliis will reduce the amount of color 
channel crosstalk and color palette mtenction. 

Each Bt885 must stiO have its own RSET resistor, 
analog output termination lesisun, power supply 
bypan capacitors, COMP capacitor, and reference 
capacitors. 

BSD and Latchup Considerations 

jg Comet ESD-sensitive handling procedures are 
g required to prevcm device damage, which can produce 
l^^ sympioms of catastrophic CaiJure or erratic device 
"1 behavior with leaky inputs. 
M ^ *"P**" **^ould be held tew until power to 
Jgithe device has settled to the specified tolerance, DAC 
,p power decoupling networks with large time c<mstants 
a should be avoided. They could delay VAA power to the 
•^^^ device. Ferrite beads must be used only for analog 

11 

W = 
ft 



power VAA decoupling. Inductors cause a time constant 
delay that induces latchup. 

Latchup can be prevented by ensuring that all VAA 
and GND pins are at the same potential and that the 
VAA sqypiy voltage is apfriied before the signal pin 
voltages. Tbe correct power*up sequence ensures that 
any signal pin voltage will neva exceed the power sup- 
ply voltage by more than ^0 J V. 

Reference Selection 

An external voltage reference provides about ten times 
the power stvply nation on the analog outputs than 
does an external current reference. 

Sleep Operation 

When die internal or external voltage reference is used, 
the DACs will be turned off during sleep mode. 

When an external voltage reference is used, some 
internal cireuicry will still be powered during the sleq) 
mode, resulting in 0 J mA of power supply currem 
being drawn (above the rated simply current specifica- 
tions). This unnecessary current drain can be disabled 
by Qffning off the external voluge reference during 
power-down mode. 
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Recommended Operating Conditions 



BtSSS 





Symbol 


Mln 




Max 


UniU 




VAA 


4,75 


5.00 


52 


V 


Ambient Opcnimi Tcmpcnuurt 


TA 


0 




♦70 


•c 




RL 




r-5 




Q 


Vatttie Reference Confi|unuoa 
Refereiec VaSufe 


VREF 


1.1112 


125 


1J59 


V 



Absolute Maximum Ratings 



Paramtttr 


Symbol 


Mln 




Mm 


Unit* 










7.0 


V 


^ 1 j VolUfe on Any S ipul Pin (Noce 1 ) 




CNtM>J 




VAA<*>0l5 


V 


1 Analog Oucput Short Cocoit 
|;Diffttion to Any Power Supply 
fi'iOr ComnoQ 


ISC 




ndcTaiu 








TS 


-«5 




♦150 


•c 




TJ 






<«>150 


•c 


|=.y^ Phuc Soldcrini 
pl minnu) 


TVSOL 






220 


•c 



iS*** ihoie listed under "Absolute Maumutn Ratings" may cause pennanent damace lo the device. Thi. « . 
SZ^'l^^S:^^^^, -~ conditions £ 

N«* /: Thii dcviot employs lii|h-inip«inee CMOS d«»iect on .U ^pitl pat. b ihould be hndM ti « ESn— iriw. 
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DC Characteristics 



Brooklree* 



Paramter 


Symbol 


Milt 




Mai 


UnKa 


Resolution (each DAQ 




1 


• 


t 




Aocwicy \cacn waw^ 












Lucpil Linethty Enor 


n. 






41 

Xi 


f CP 


DiiTocniiA] Lineihcy Error 


DL 






^1 


Lido 


Gny-Scelc Enor 








4< 


i« uray 


Monotonscity 












Codinf 












Dtfiul Inputs 












Input Hifh Vduge 


VIH 


10 






V 


Injxu Low VdIuic 


vn. 


GND-OJ 




OJ 


V 


Input Hifh Current (Vm « 2.4 V) 


hh 






1 




Input Low Curreit (Vm ■ 0.4 V) 


m. 






*1 


HA 


Input C^ecitmcc 


CIN 






7 


PF 


(v.IMHi.Vin«14V) 












Hysteresis 






03 




V 


Digital Outputs 












Output Hi^ VolUf e 


VOH 


U 






V 


(IOH•-400^A) 












Output Low Voluge 


VOL 






0^ 


V 


aOL«3JlmA) 












Three-State Current 


lOZ 






50 


HA 


Output CtpecitsKc 


COOUT 






7 


PF 


Load C^eciunoe 


CL 






10 





Sm test eendiiioiu on nest page. 
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DC Characteristics Yconf//}L/ed; 



Bt885 





Symbol 


Ilin 




Max 


UnlU 


AfuUog Ouiputt 
Cny«Scak Cimm lUng e 
Output Currou (Scsidsd RS«343 A) 
While Level Relutve to Bl^ 

OiKK iJWCl KCmQVC Id simK 

SETUP. 7J IRE 

SFTUP-OIRE 
Blink Level 
Sync Level 
LSBSixe 

DAC4o-DACM«tdung 
Output Coii^disiee 
Ou^Impedncc 
Output Cepecttsicc 
(f«lMHz.IOirr-0mA) 


voc 

RAOOT 
CAOOT 


15J6 

0.9S 
0 

0 

-IjO 


1.44 
5 

7.62 

5 
69.1 

2 

10 


20 

18J 

1.90 
50 
1.96 
50 

5 
♦1-5 

30 


mA 

mA 

mA 
RA 
mA 
MA 
HA 

% 

V 
kfi 
pF 


Onbort VREF<Noiel) 


VREFOOT 


no 


TBD 




V 


VottAce Reference Input Current 


IVRIN 




tbd 


tbd 


mA 


Power Supply Rejec&on Redo 
(CX>MP « 0.1 iiF.f -IKHx) 


PSRR 






0.5 


«/«AVAA 



,4^; T«t eondUKw to g encnie RS.343A ttuKUrd vidM) signils (unkti ocherwise ipedfcd}: l^ecommended Opeming Cbndiiioni'' 
= J. ttiag ex«ul voliege itference with SETOP. 
1,-1 over the fiaiienper»oirennge,ienq)eria« 

* 

Ci.^ » tt^ WET may require adjustment to meet these limiti. AUo. the -gny^r output cur- 

\ Sf^ ^ ^ ^ * "yP*^ ±10* father than the ±5* specified abovV 

ry'^Whai the device u in a»e6-^>Urnode, the ou^le^ IJ* lower than these values. 

Ji|iJ^**« ^- Onbowd VREF numbers subject lo change upon completion of characterization. 
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AC Characteristics 



Brooktree* 





135 MHz Dovlcoi 


110 MHz Dovleos 




Partmttor 


Symbol 


MIn 




Max 


MIn 




Max 


unns 


OSC OSC* Au Mux Rues 


Fnux 






135 






110 


MHz 


RS0-RS3 HoMTimc 


2 


10 






10 
10 






AC 

•M 
Hi 


RD* Assmad 10 D0-D7 Driven 


3 


2 






2 






BS 


RO* Asmd D0-D7 Vtlid 








40 






40 


BS 


RD* Ntttttd to D0-D7 S-Sui^ 














2U 


as 


Rod D0-D7 Hold Tmc 




2 












ns 


D0-D7 Setup Tone 


7 


10 






10 






as 


1A^D0-D7Ko]dTtme 


8 


10 






10 






as 


Jvi/", ruisc wiotn Low 


9 


50 






50 






ns 


RD*. WR* Puiie Widut High 


10 


6*pclk 






epdk 






as 


CLCLK Rites 


Cmax 
















S:l MttUiplexini 








us 






13.75 


MHz 


4.1 IniUlipiCXing 








33J 






27J 


MHz 


^1 Multifile* m« 








67^ 






55 


MHz 


1*1 Vfultnlcsin* 








90 






90 


LIU* 


VLCLKRue 


Vmex 






15 








MHz 


DIVCLKl.DrvCLX2IUin 


Dnux 












55 


MHz 


OSC, OSC* Cycle Tune (Nou 1 ) 


n 


14J1 






18.1S 






as 


AD Mux Rites 


















OSC. OSC* Pulse Width High 


12 








ibd 






as 


AI] Mux Retes 


















OSC, OSC* Pulse Width Low 


13 








ibd 






as 


AU Mux Rates 














Duty Cycle of Selected Pixel Clock 




45 




55 


45 




55 


% 


When Dock Doubter Enabled 
















CLCLK Cycle Time 


14 
















8:1 Multjplexini 




59,17 






72.72 






as 


4:1 Multiplexing 




29J8 






36 J6 






as 


2:1 Multiplexing 




14J1 






18.18 






as 


1:1 Multiplexing 




11.11 






11.11 






as 


CLCLK Pulse Width High 


15 














S:l Mult^lexing 




4 






4 






as 


4:1 Multiplexing 




4 






4 






as 


2:1 Multiplexing 




4 






4 






as 


1:1 Multiplexing 




4 






4 






as 


CLCLK Pulse Width Low 


16 
















t:\ Multiplexing 




4 






4 






as 


4:1 Multiplexing 




4 






4 






as 


2:1 Multiplexing 




4 






4 






as 


1:1 Multiplexing 




4 






4 






ns 



Test condiiions at end of this section. 
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AC Characteristics (continued) 



BtSSS 



135 MHz OtviMS 



110 MHz OtvlMS 



Symbol i Min 



Mix 



MIn 



Units 



VLCU Cycle Tune 
VLCLKPuise^tdthHish 
VLCUCPuhe Width Low 



17 
18 
19 



11.76 
4 
4 



11.76 
4 
4 



DIVCLXl, DIVCLK2 Cycle Time 
DIVCLKL DIVCLK2 Duty Cycle 



20 
21 



14J1 
40 



60 



14J1 
40 



60 



tt 
% 



Cnphio Dtu Sc&9 toGLCLX 
Gnphici 0«tt Hold from CLCLK 

Dtu Setup to GLCLK 
ENABLE, BLANK*, HSYNC*, 
VSYNC* 

Dau Hold 10 GLCLK 
ENABLE, BUNK-, HSWC-. 
VSYNC* 



22 
23 

24 



5»e 



Video Dau Scoip to VLCLK 
Video Dtu Hold from VLCLK 



26 
27 



VALID Setup to VLCLK 
VAUD Hold from VLCLK 

VLCLK 10 READY Valid 

DIVCLKl to SEN Valid 

FIFO Reset Pulse Width 



28 

29 

30 
31 



10 



10 



Its 

IB 



Analog Output Delay 
Aiuloi Output Risers!] Tunc 
Analog Output Sealing Ttme (Nou 2) 
Oock end Dau Feedthrough (Nou 2) 
Glitch Impulse (Note 2) 
SENSE* Output Delay 
DAC*io-DAC Cmstaflc 
Analog Output Skew 



32 
33 
34 



35 



30 



3 
13 
-30 
75 
1 

-23 



3 
13 
-30 
75 
1 

-23 



30 



tt 
» 
tt 



pV. 



dB 



VAASi^Jy CiffTcm 
Norma] Operaiton 
-Sleep- Mode (Nou 3) 



tbd 
tbd 



tbd 
tbd 



tbd 
ibd 



mA 
ttA 
mA 



Test condiuons at end of this section. 
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Bt885 Brooktree ' 

AC Characteristics (continued) 



Pip«llnt Dtiay 




Gnphics l:l/No Video 


3LCUCS<«>16PCLICS 


MUX Griphies/No Vidio (Note 1) 


(t LCUCS ♦ 16 PCUCS) ± 2 LCUCS 


Gfsphia l:l/Vidm 




MUX Qnfhiei/VyAm (Note 1) 


(32 LCLKS 16 POXS) ± 2 LOJCS 


y : The mimbo of L^UCS wiU havt to be muldplMd by ifac icpMCti^ 
nmiber of inpelim deleys. 0^. the pipcliM dtl^ 
16PCUCS)i2LCLKS). 



Test conditions (tmless otherwise qsedfied): *7lecommended Operating Cbnditions** using external voltage 
I ^ , lefertnce with SETUP « 7 J IRE, VREF ■ 1^5 V, RSET • 147a TIL inptu vaities art 0-3 V, with iqwt 

tisc/Un times £ 3 ns, meastotd between the 10% and 90% points. Timing reference points at 50% fa 
i|f^ inputs and ouqnits. Analog output bad ^ 10 pF; SENSE* and D0-O7 ouqntt load £ SO pR DIVCLKl, 

DIvaJC2 output load « SO pF As the above parameters arc guaranteed over the fuO temperature range, 

lempenture coefficients ait not speciSed or rtquirtd. Timing waveforms are shown in Figures 12-14. 

OSCmdOSC*cyde times assume the use of the 2Xc)oekMuh9licr. 
Nm2: Numben fuertnteed by design. 

Nct€2: Extcniil volugcrefereice is disabled during tle^ mode, an inpuum tow. tfiddodci^ 
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Timing Waveforms 



BtSSS 



J 



m 

Mr 



zx 







V VALID 


> 



^ CATAyCWR*«0) 



10 



Now/: OutpwdeUymMtti«dfromthe50%poimofthtmm«*d|eof 
offiOl^iealeffmttion. 

Na«2: Sealin|timcme«uredfromthe50%potmoffuS«mkff^ 
wuhmtlLSB, 

NmJ: Ou^nte^fi2ItimeinMsuredtawtcnthclO%nd9^ 

Flgur§ 12. MPU R§9d/Wrtt§ Timing. 



4h 
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BtSSS _____ 

Timing Waveforms (continued) 



i£2 




K 3 - 



3c 



A^m;: Output ddtymctswcd from ihc 50% poim of Che rising cdfe of 
fuU-scak rasiuQn. 

Ncit2: Settling time meuurtd from die 50% point of full-icaknmtto 

within tlLSB. * 

NmS: Out^trise/faD time memred between the 10% md 90% pom of ft^ 

Figure 13. Gnphtes input/Output Timing 
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Timing Waveforms (continued) 





FIgun 14. Vkfo Input/Output TUntng 



Bt88S 

Ordering Information- 



Brooklree 



Mod«l Numter 


SpMd 


Package 


Ambiant 
Tamparatura Ranga 


B(S85ICHF135 
Bt885KHniO 


135 MHz 
no MHz 


160-pai Plastic 
QttidFUipick 

160-pin PUitic 
QttidFlaipadc 


0* to*WC 



82750PD Video Processor 
Programmer's Reference Manual 





82750PD Video Processor 

Programmer's Reference Manual 



Order Number: 272352-001 





In the L'mtcd Suies. addinon*! copies of this manuii or other Inid luerarure mav be oouinec 
from 

Intel Corporafton 

Ltteniune Sales " 

PO. Box 7641 

Mt. Pro5peci.IL 60056-7641 

1.800-548-4715 

In locicoQs ottutde the United Stales, obtain addmonaj copies of Intei documentation b> 
coniacnag your local Intel sales office. 

Ifliel Corponoon makes qo warruty of any bnd with regard to thjs matenai. including, oc; 
not limited to. tfae implied wamnoes of mercfaaotabilitv- and fitsess- for a pvticular pujpose 
Intel Corporanon assumes no respotutbiUty for any errors thai tD^ -appear m this documen*. 
Intel Corporacon makes no cotnmtunent to update aor to keep current the informanon 
contained in this docuznent 

Intel Coq)oranon a^stmes no respoastbtlity for the use of any circuitry other than arcuiiA 
embodied in an Intel product No other cirain patent bcenses are unplied. 

btel Mftware products are copyngbted by and shall remain (he propeiTv of Intel Corporuion. 
Use. duphcaoon. or disclosure is lubject to restnctioas stated tn Intel's software license 
a^emenu. or m the case of software delivered to the govemment, in accordance unth (he 
software license agreemeni as defined in FAR 52.227.7013. 

No pan of this document may be copied or reproduced m any fofm bv an> means, ukithoui 
poor wncten consent of Intel Corporanon. 

Intel Cotporuion reutns the nght to make changes to these specificanons at an> time, .inthou: 
nooce. 

Contact your local sales office to obtain the latest specificanon before plaong your order 



Revision 


Date 


-001 


09/93 



Copvnghi !993 Iniel Corporanon 
AU Rjgfacs Reserved 

Intel Corponoon 

2200 Mission College Dnve 

Sanu Clan. Caiifonua 95052-Sl 19 



Table of Contents 



1 . 1 Manual Contents ' rC' . . . . i 

1.2 NotationaJ Convenaons and Tenmnologv- 3 



Chapter 2 - Introduction to the 82750PD 



2.1 Introduction i 

2.2 Memoiy and Registers 3 

2.3 82750PD Memory Address Space .."^"!*'.4 

2.4 82750PD Core Registers ^."7 

2.5 Shared Frame Buffer (SFB) ^.^.',, 7 

2.5. 1 Accessing the 64-Bit SFB ..,[..[7 

2.5.2 Accessing the 32 Bit SFB "".8 

2.5.3 Types of Memory on the SFBI 9 

2.6 Reserved Memory Locations 10 



Chapter 3 * 82750PD Core Architecture 



3.1 Ovenaew i 

3.2 General Purpose Registers ....^ 3 

3.3 AnthmeUc/Logic Unit (ALU) .'."!"4 

3.3. 1 CondiUon Code Register 4 

3.3.2 ALU Operations ."'5 

3.3.3 82750PD Interrupts 7 

3.3.4 Performance Monitonng 7 

3.4 Barrel Shifter : 7 

3.5 Data RAM !!..".!!"8 

3.6 Loop Counters 9 

3.7 Microcode RAM ** Vn 



Contents-1 



3.8 Honzonial Line Counter 12 

3.9 Field Counter : 12 

3.10 Core Input FIFOs 13 

3.11 Core Output FIFOs 18 

3.12 Staasucal Decoder 23 

3.12.1 Suusucal Codes 24 

Code Descnpaon Table 25 

Short Mode and End Mode 27 

3. 12.2 Statistical Decoder Control Register 30 

3. 12.3 Writing and Reading the Code Descnpaon Table 32 

3.13 Pixelinterpolator : 37 

3.13.1 Scqucnual InterpoIaUon 38 

3.13.2 Random Interpolation 39 

3. 13.3 Pixel Interpolator Control 40 

3. 14 Control, Status, and Interrupt Flag Registers 43 

3. 14. 1 Core Control Register 44 

3. 14.2 .Core Intenrupt Flag Register ^- 46 

3.14.3 Core Status Register 47 

3.14.4 Summaiy' of Interrupt Bits 49 

3.15 Host Access to the Core Registers 50 



Chapter 4 - Microcode Instruction Format 



4.1 Overview 1 

4.2 Instrucuon Sequencing 1 

4.3 Instruction Word Field Descnptions 2 

4.3. 1 NADDR - Next InstrucUon Address Field 2 

4.3.2 CFSEL - Condition Flag Select Field 3 

4.3.3 A5RC - A Bus Source Select Field 5 

4.3.4 ADST - A Bus Destination Select Field 8 

4.3.5 BSRC " B Bus Source Select Field 8 

4.3.6 BDST " B Bus Destination 8 

4.3.7 CNT " Decrement Loop Counter Bit 8 

4.3.8 LIT " Uteral Select Bit 9 

4.3.9 SHFT - Shift Control Field 9 

4.3. 10 ALUSS " ALU Source Select Bits 10 

4.3. 1 1 ALUOP " ALU Operadon Code Field 10 

4.3. 12 LC - LOOP Counter Select Bit 12 



Contents-2 



Chapter 5 - UNIVERSAL HOST BUS INTERFACE 



5.1 Introducuon to the Universal Host Bus Interface 1 

5.2 Host Interface Address Configuraaon 3 

5.2. 1 Configuration of Devices in a Single Slot 4 

5.2.2 Address Configuration... 5 

ISA POS Informaaon 7 

EISA POS Register Fonmat 7 

Micro Channel POS Register Format 8 

PCI POS Register Format 9 

VL-Bus POS InfonnaUon 10 

5.3 Host I/O Registers n 

5.4 EMS-Style Memory Address Mode 1 4 

5.4. 1 "EMS" Memory- Mapping and Registers 1 5 

5.4.2 Settmg Up the "EMS" Mode „ 17 

POS Registers and the "EMS" Mode IS 

TMS" Configuration Registers 15 

Page Address Registers 20 

5.5 82750PD Indirect Access 2 1 

5.6 Host-SFB FIFOs 25 

5.6.1 Host-SFB Write FIFO ......^26 

Basic Operation of the Host-SFB Write FIFO 28 

Write HFO Control Register (WFCON) 29 

Write FIFO Address Counter (WFCNTR) 34 

Write FIFO Data Register (WFDATA) 35 

Loading the Write FIFO Data Register 35 

Saving and Restoring the State of the Wnte FIFO 37 

Write FIFO Test Register 38 

5.6.2 Host-SFB Read FIFO 39 

Basic Operation of the Host-SFB Read FIFO 40 

Read FIFO Control Register (RFCON) 41 

^ Read HFO Address Counter (RFCNTFU 45 

Read FIFO Data Register (RFDATA) 46 

Read FIFO Test Register (RFTEST) 47 

Reading the RFDATA Register 48 

Saving and Restoring the State of the Read FIFO 50 

5.7 Interrupts and Meta-lnterrupts 50 

5.7.1 The Interrupt/Meta-Interrupt System 51 

5.7.2 General Control and General Status Registers 56 

5.7.3 Setting Up the 82750PD Interrupt 57 

5.8 Configurauon Registers 58 



Contents-3 



5.8.2 I/O Base CFG 61 

5.8.3 Bus CFG Register.... 62 

5.8 4 Interrupt CFG Register 66 

5.8.5 SFBI CFG Registers 68 

5.8.6 TMS" CFG Registers 70 

5.8.7 Reserved CFG Registers 70 

Chapters ■ SynchroLink 



6.1 Introducuon 1 

6.2 Arbiter, Source, and Target 3 

6.3 SynchroLink Data Packets 4 

6.3.1 Arbiter. Source, and Target Interacaons 4 

6.3.2 Data Packet Fields 6 

6.3.3 Service Requests 10 

6.3.4 Service Completion Message 12 

6.3.5 Broadcast Messages , 14 

6.4 SynchroLink Registers and Operations 16 

6.4.1 SynchroLink Registers 16 

6.4.2 Transceiver Registers (XCVRn) 18 

6.4.3 Broadcast Transmit Mode 24 

6.4.4 Broadcast Receive Mode.,., 26 

6.4.5 Sending a Request and Receiving a Compleuon 29 

6.4.6 Receiving a Request and Sending a Compleuon 32 

Receive Service Register (RSRV) 33 

Operations 34 

6.4.7 Message Status Register (MSTATUS) 36 

6.4.8 Match Service Register (MSRV) 38 

6.4.9 Configuring the SynchroLink Interface 39 

Message Configuraaon Register (MCFG) 39 

Configuration Procedure 42 

6.5 Meta-Interrupts 43 



Contems-4 



Appendix A - 82750PD Registers 
Appendix B - Logical and Device Addresses 



Appendix C - Programming Examples 



C.l Host-SFB FIFOs i 

C.1.1 WnteFIFO i 

C,1.2 Read FIFO !.^."."**"*!^!^"!*^^ 

C.2 Indirect I/O to a Configuration Register ^.*4 

C.3 Writing to the maddr Register ,".,.''..5 

.C.4 Wnting to the pc Register ^'^ 5 



Contents-5 



Contents 



Figures 



Figure 2-1. Shared Frame Buffer System 2 

Figure 2-2. 82750PD Block Diagram 2 

Figure 2-3. Block Diagram Showing Memon- 

and Registers 3 

Figure 3-1. 82750PD Core Block Diagram 2 

Figure 3-2. Input FIFO Modes for Reading Data 1 7 

Figure 3-3. Output FIFO Modes for Wnting Data 21 

Figure 3-4. SFB Bit-Stream Decodmg Addresses 36 

Figure 3-5. Pixel Interpolation 37 

Figure 3-6. ScquenUal-2D Pixel Interpolation 35 

Figure 3-7. Pixel Pair Phases « 42 

Figure 4-1. Microcode Instruction Format I 

Figure 4-2. Literal Field Mapping onto a Bus 9 

Figure 5-1. Multiple Devices in a Single Logical Slot 4 

Figure 5-2. Host I/O Registers 12 

Figure 5-3. '^EMS" Window Mapping 15 

Figure 5-4. Details of "EMS" Mapping 16 

Figure 5-5. 82750PD Indirect Register Mappmg 22 

Figure 5-6, 82750PD Indirect Register Address 

TranslaUon 25 

Figure 5-7. Block Diagram of the Read and Wnte FIFOs 25 

Figure 5-8. Block Diagram of the Wnte FIFO 27 

Figure 5-9. Data Paths from the Wnte FIFO 

Data Register to the SFB 36 

Figure 5-10. Block Diagram of the Read FIFO 40 

Figure 5-11. Data Paths from the SFB to the 

Read FIFO Data Register 49 

Figure 5-12. Diagram of the Meta-lnterrupt System 53 

Figure 6-1. The SynchroLink with Devices Connected 2 

Figure 6-2. Data Packet - Source Accepts 4 



Contents-6 



Contents 



Figure 6-3, Data Packet - Source Accepts and Target 

Acknowledges 5 

Figure 6-4. Data Stream - Invitauon Not Acknowledged 6 

Figure 6-5. Data Packet Format ^ 7 

Figure 6-6. Broadcast Transmit State Diagram ....24 

Figure 6-7. Send Service Request State Diagram 30 

Tables 



Table 2-1. 82750PD and Host CPU Access to the Memor\- 

Address Space , 6 

Table 2-2. Quad Word Interleaving for a 64-Bit SFB S 

Table 2-3. Dword Interleavmg for a 32-Btt SFB 9 

Table 3-1. ALU Condition Code Register 5 

Table 3-2. ALU OperaUons 6 

Table 3-3. Barrel Shifter Operations and Registers ,..S 

Table 3-4. Microcode RAM Registers 10 

Table 3-5. Core Input FIFO Registers 14 

Table 3-6. Input FIFO Control Registers 14 

Table 3-7. Circular Buffer Register (curbuf) 16 

Table 3-8. Output FIFO Registers 19 

Table 3-9. Output FIFO Control Registers 19 

Table 3-10. Registers Associated with the 

Suusucal Decoder 23 

Table 3-11. Codes that Can Be Read by the 

StaUsacal Decoder 24 

Table 3-12. Sample Code DescripUon Tables 25 

Table 3-13. Decoded Values 26 

Table 3-14. Decoded Values Usii^ END Mode 28 

Table 3-15. END Flag Decoded Values 29 

Table 3-16. Packed 3-bit Field Decoded Values 30 

Table 3- 1 7, Statisucal Decoder Control Register 31 

Table 3-18. Control Bits for the Code Dcscnption Table 31 

Table 3-19. SFB Bit-Stream Decode Values 35 

Table 3-20. Decoding Symbols 36 

Table 3-21. Pixel Interpolator Control Register 40 

Table 3-22. Interpolator Mode Sclecaon , 41 



Contents-? 



Table 3-23. Pipeline Delay 4:3 

Table 3-24. Core Control Register 45 

Table 3-25. Run. Step, and Halt Modes 45 

Table 3-26. Core Interrupt Flag Register 47 

Table 3-27. Core Status Register 45 

Table 3-28. Interrupt Bits in the Flag. Control, and Status 

Registers 50 

Table 3-29. Host Address Mapping of the Core Registers .... 5 1 

Table 3-30. 82750PD A Bus Source/Destinauon Address 52 

Table 3-3 1 . 82750PD B Bus Source/Destinauon Address 53 

Table 3-32. SFB Pointer Addresses 54 

Table 3-33. Byte Offsets for the Area-c Registers 55 

Table 4- 1 . PC Load Example 3 

Table 4-2. CondiUon Flag Select Field Assignments 4 

Table 4-3. Microcode Next Instruction Selection 4 

Table 4-4. 82750PD Core Source/Destinauon Coding 6 

Table 4-5. 82750PD Source /Destination Codmg (Con't.J 7 

Table 4-6, SHIFT Control Field Coding 10 

Table 4-7. ALU Operations 1 1 



Table 5-1. Host Access Modes to the Multimedia System 2 

Table 5-2. Generic Address Configuration Fields 6 

Table 5-3. ISA ImpiementaUon of POS Fields 7 

Table 5-4. EISA P0S2 Register , 7 

Table 5-5. EISA P0S3 Register 8 

Table 5-6. Micro Channel P0S2 Register 8 

Table 5-7. Micro Channel P0S3 Register 9 

Table 5-8. PCI POS2 Register 9 

Table 5-9. PCI P0S3 Register 10 

Table 5-10. VL-Bus ImpiementaUon of POS Fields..., 10 

Table 5-11. The Value of lO.START 13 

Table 5-12. Format for the Address of a Host 1/0 Register.. 13 

Table 5-13. "EMS*" ConfiguraUon Registers 19 

Table 5-14. '"EMS" Page Address Registers 21 

Table 5-15. Indirect Address Register 22 

Table 5-16, Indirect Data Register 23 

Table 5-17. Host-SFB Write FIFO Registers 27 

Table 5-18. Write HFO Control Register 29 

Table 5-19. Byte Select Bits in the WFCON Register 30 



Contents-8 



Contents 



Table 5-20. I/O Sequence to Read/Wnte the SFB Address .34 



Table 5-21, Wnte FIFO Test Register 3S 

Table 5-22. Read FIFO Registers 40 

Table 5-23. Read FIFO Control Register 42 

Table 5-24. Byte Select Bits in the RFCON Register 42 

Table 5-25. i/O Sequence for RFCNTR Register Accesses ...46 

Table 5-26. Read FIFO Test Register 47 

Table 5-27. Enabling SFBI Events to Generate Meta- 

Interrupts 51 

Table 5-28. VBUS Codes 54 

Table 5-29. PrionDes for Generation of VBUS Codes.. 55 

Table 5-30. General Control Register 56 

Table 5-3 1 . GencraJ Status Register : 57 

Table 5-32. CFG Register Numbers and Names 59 

Table 5-33. CFG Register Number Register 60 

Table 5-34, CFG Register Data Register 6Q 

Table 5-35. General ConfiguraUon Register .'.,.61 

Table 5-36. I/O Base CFG Register 61 

Table 5-37. Bus CFG Register 62 

Table 5-38. Configuration Bits for the ISA Bus 63 

Table 5-39, ConfiguraUon Bits for the EISA Bus 64 

Table 5-40. ConfiguraUon Bits for the PCI Bus 65 

Table 5-41. ConfiguraUon Bits for the VL-Bus 66 

Table 5-43. INT CFG Register 67 

Table 5-44. Values of Interrupt ConfiguraUon Bits 67 

Table 5-45, SFBI CFG 04 Register 68 

Table 5-46. SFBI CFG 05 Register 69 

Table 6-1. Examples of Signal Events 9 

Table 6-2. Service Request Data Packet Definiuon 11 

Table 6-3. . Service CompleUon Data Packet Definiuon 13 

Table 6-4. Other FuncUon Code Data Packet Defimuon 15 

Table 6-5. SynchroLmk Register Map 17 

Table 6-6. Transceiver Registers 18 

Table 6-7. Enabling SFBI Events to Generate VBUS Codes, 20 

Table 6-8. XCVRn Register Modes 21 

Table 6-9. XCVRn Settings for the Four Message Modes 22 

Table 6- 1 0. Priority of Transmission Requests 23 

Table 6-11. Broadcast Transmission Bit Activity 25 

Table 6-12. Send Service Request Bit AcUvity 30 



Contents-9 



Table 6-13. Receive Sennce Register 32 

Table 6-14. Message Status Register 37 

Table 6-15. Transceiver Sutus Bits and the SMSG Bit 37 

Table 6-16. Match Service Register 38 

Table 6-17. Message Configurauon Register 40 

Table 6-18. SN-nchroLink Clock Frequency 40 

Table 6-19. Enabling Meta-Interrupt Events to Generate 

\^US Codes 45 

Table A-l. 82750PD Core Registers Excluded from 

Appendix A 1 

Table A-2. EISA P0S3 Register 2 

Table A-3. EISA P0S2 Register 2 

Table A-4. ALU Condition Code Register 3 

Table A-5. Core Control Register 

Table A-6. I/O Base CFG Register — 5 

Table A-7. Bus CFG Register 5 

Table A-8. CFG Register DaU Register 6 

Table A-9. General Configuration Register 6 

Table A- 10. INT CFG Register 7 

Table A- 1 1 , CFG Register Number Register 8 

Table A- 12. SFB I CFG 04 Register 9 

Table A-13. SFBI CFG 05 Register 10 

Table A- 1 4. Core Interrupt Flag Register 11 

Table A- 15, PCI P0S2 Register 11 

Table A- 1 6. Core Status Register 12 

Table A- 1 7. "EMS" ConfiguraUon Registers 13 

Table A- 18. General Control Register 13 

Table A-19. General Status Register 14 

Table A-20. Input FIFO Control Register 14 

Table A-2 1. Indirect Address Register 16 

Table A-22. Indirect Data Register 16 

Table A-23. Message Configuration Register 17 

Table A-24. Micro Channel F0S3 Register 1 8 

Table A-25. Micro Channel P0S3 Register 19 

Table A-26. Match Service Register 19 

Table A-27, Message Status Register 20 

Table A-28. Core Output FIFO Control Register 21 

Table A-29. "EMS" Page Address Registers 22 

Table A-30. Pixel Interpolator Control Register 23 



Comems'10 



Tabic A-31. Read FIFO Address Counier Resiscer . . . .24 

Table A-32. Read FIFO Control Register 25 

Table A-33. Read FIFO Data Register 26 

Table A-34. Read FIFO Selected Byte Register 27 

Table A-35. Read FIFO Test Register 27 

Table A-36. Receive Service Register 25 

Table A-37. Stausacal Decoder Control Register 25 

Table A-38. Wnte FIFO Address Counter Register 30 

Table A-39. Wnte FIFO Control Register ?. 31 

Table A-40. Wnte FIFO Data Register ^32 

Table A-41. Wnte FIFO Selected B>-te Register 33 

Table A-42 . Wnte FIFO Test Register 33 

Table A-43, Transceiver Registers 34 

Table B- 1 . Association of 82750PD Address Bits to 

DRAM/VRAM Bits „ ] 

Table B-2. 82750PD Internal Bus Address to DRAM/\1L\M 
Physical Address Mapping 3 



Contents-11 



Chapter 1 
Guide to this Manual 



This manual descnbes the 82750PD \ideo 
processor. It is, written for programmers who are 
familiar with programming microprocessors and who 
have some acqiiamtance with video signal 
processmg. The manual provides detailed 
mformauon for wntmg 82750PD microcode cind for 
programming the host processor. 



1.1 Manual Contents 



Chapter 2 
Introduction to 
the 82750PD 



Chapter 3 
82750PD Core 
Architecture 



Provides an overview of the 
82750PD and the Shared 
Frame Buflfer (SFB) 
Architecture. Also mcluded 
arc descnpDons of the memor\' 
types, register types, and the 
memory address space. 

Describes the operauon of the 
82750PD core, which is a re- 
implementauon of the 
82750PB processor embedded 
in the 82750PD. 



Chapter 4 
Microcode 
Instruction 
Format 



Outlines the fields of the 
microcode instructions and 
describes the instrucuon 
sequencing. 
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Chapter 5 
Universal Host Bus 
Interface 



Chapter 6 
SynchroLlxik' 



Appendix A 
82750PD 
Registers 
Appendix B 
Logical and Device 
Addresses 



Appendix C 

Programming 

Examples 



Describes Lhe 82750PD 

i^tiBl) for the host CPU The 
UHBI can accommodate the 
following bus t>pes: ISA. EISA. 
Micro Channel', PCI. and \X- 
Bus: 

Describes the Sv-nchroLmk 
communjcaaons bus. which 
supports the 82750PD 
communjcauons with other 
devices on the Shared Frame 
Buffer Interconnect (SFEi). 

F^ovides detailed descnpaons 
of the 82750PD registers. 

Specifies the correspondence 
oetween 82750PD logical 
address bits and VRAM/DRAM 
physical address bits. 

Shows iUustraUve examples of 
programming the 82750PD m 
assembly language and "C" 
language. 



All products mentioned 
respective companies. 



are trademarks of their 
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1,2 Notational Conventions and Terminology 



italics Italics axe used to introduce terminolog\-. Italics are 

also used for 82750PD core register names and for 
some vanables. See **Register Names" and/Vanables ' 
m this section. 

Register Mnemomcs for registers inside the 82750PD core 
Names are written m italics. For example, the mnemonic for 

the Field Counter Register is /cm. Mnemomcs for 
82750PD registers outside the 82750PD core are 
VrTicten m upper case. The mnemonic for the General 
Control Register is GENCON. 

Vanables Variables Imdices) m register mnemonics are shown 
in upper case or lower case and in italics or non- 
italics to contrast with the mnemonic. 

For example, the three "EMS" Configuration Registers 
have the mnemomcs EMSCFGn; n = 1-3. The 
individual registers are EMSCFGl, EMSCFG2. and 
EMSCFG3. 



The two Input FIFO Control Registers m the S2750PD 
core have the mnemonics inN-c N = L2. Indmdually. 
they are wntten as inJ-c and in2-c. 

Reserved. Certain register b3aes and bits are labeled 
RSVD "Reserved" or **RSVD." A reserved register byte or bit 

is nonfuncaonal m the current product but may ha\-e 
a function in a later product. Unless otherwise noted, 
reading a reserved bit or byte returns an unspecified 
value. For compatibility with future products. uTite a 
reserved byte as OOh and a reserved bit as *0'. 

Illegal A bit combination marked "illegal" should not be used. 

If it IS used, the results are unspecifiedv The foUov-mg 
bit table shows an example: 
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Bit I Bic 2 

0 0 Single point mode 

0 1 Random mode 

1 0 Scquenaal mode 
1 1 rilegaJ 

The bit combmauon '1 V should not be used. 
If it IS used, the operauon is unspecified. ■ 

Set and Clear The terms set and clear descnbe the state of a bit or 
the act of dnvmg a bit to that suie. A bit v,iLh the 
value '0' is clear. To clear a bit means to dnve it to '0 . 
A bit with the \'aJue T is set. To sec a bit means to 
drive it to '1'. 

Numbers Hexadecimal numbers are represented by a stnng of 
digits followed by the character h.. Jf the number 

would otherwise begin with the letter A. B or F. a 

prefix '0' is added. For example, FA6h is written as 
0FA6h. 

Binary numbers are wntten with an appended "b" m 
cases where the base may not be clear. The bmar>' 
value six could be written as "1 10" or "1 10b". 

Abbreviaaons LSB = least significant bit 
MSB = most significant bit 

The following symbols are used to represent units of 
measure: 

Kbyte kilobyte = 1024 bytes 
Mbyte megabyte = 1024 kilobytes 
Gbyte gigabyte = 1024 megabytes 
MH2 megahertz 
^s microseconds 

i75Cr^ . iSeCT^ , and i96^ Processors and Related 
Products: Intel Corporauon. 1993 (Order Number: 
272084-002). 



Units of 
Measure 



Related 
Documents 
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Chapter 2 
Introduction to the 82750PD 



2.1 Introduction 



The 82750PD is a programmable \ideo processor 
that supports a vanety of video compression 
algorithms. The core of the 82750PD is its 
predecessor, the 82750PB. which includes a vanable 
length sequence decoder and a pixel interpolator. 
The 82750PD is microcode-compatible %ith the 
82750PB. 

The 82750PD's design is based on a Shared Frame 
Buffer (SFB) architecture. The Shared Frame Buffer 
Interconnect (SFBI) is a multi-master bus that 
mterconnects the SFB, the 82750PD, a graphics 
processor, and other multimedia system 
components, as shown in Figure 2-1. This 
architecture provides shared access to the SFB 
(video memory) and results In an mtegrated Mdeo 
and graphics subsystem. 

Figure 2-2 is a closer look at the 82750PD itself. 
The Universal Host Bus Interface (UHBI) supports 
several bus types: ISA. EISA. Micro Channel. PCI. 
and VL-Bus. The bus type is selected by strapping 
mputs, The UHBI has a pair of Host- SFB FIFOs, 
which provide the host with high-speed access to 
the Shared Frame Buffer via the mtemal bus. 

Devices on the SFBI communicate via the 
SynchroLink, a serial bus that provides for 
synchronization of graphics, video, and audio events 
without usmg interrupts to the host. 



inuoQUCiion to ine o^, oo-^ 



2.2 Memory and Registers 



Figure 2-3 is a 82750PD block diagram sho\^ing ihe 
on-chip memor\' ajid registers that are accessible by 
the 82750PD core and/or the host computer 



82750PD 



VBUS 



82750PD Core 

• Core Registers 

• OataRAM 

• Microcode RAM 



SynchroLmk interface 

• Synchrolmk 
Regrsters 



UHBI 

• Host IVO 
RtgtstftTs 



Intemat Bus 



SFBl 
tnierlace 



I SvncnrD^"^K 



Host Bus _f 



SFBI 



Host CPU 



• SFB 



Figure 2-3. Block Diagram Showing Mem -ry and Registers 



The 82750PD's memon- and registers include these 
categories: 

• Data RAM and Microcode RAM. 

• Core Registers. These registers reside m the 
core. The host can access the core registers 
via the 82750PD internal bus (the on-chip 
address/data bus, which is external to the 
core). The 82750PD can access these registers 
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only through microcode instrucuons. The core 
registers are described in Chapter 3. 

• Sy-nchroLink Registers. These registers are 
used by the 82750PD in its commumcaaons 
with other devices on the SFBI. They are 
accessible from the 82750PD and the host \ia 
the mtemal bus. These registers include: 

— twelve transceiver registers. 

— four registers for configurauon. status, and 
control. 

Chapter 6 describes the event svTicronizauon 
registers. 

• Host I/O Registers. This group mcludes 
registers for the Universal Host Bus Interface 
and registers for the SFB interface. The 
82750PD cannot access these registers. They 
are accessible from the host either direct!}- m 
its I/O space or indirectly through its I/O 
registers. The following register categones 
compnse the host I/O registers. 

— "EMS'* page address registers. 

— Host-SFB FIFO registers 

— Indirect I/O registers 

— Configuration Registers 

— General status and control registers 

The host I/O registers are described in Chapter 5. 



2.3 82750PD Memory Address Space 

The addresses of the following memory and register 
groups, are in the 82750PD memorv- address space: 

• the Shared Frame Buffer (SFB) 

• the core registers 
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• the SvnchroLink registers 

(Note that the host I/O registers, which are 
associated with the UmversaJ Host Bus Interface, 
are accessed in the host computer's I/O space and 
are not accessible from the core.) 



The memon' address space can be accessed by the 
host as well as the 82750PD. However, not ail 
registers and memory are accessible from both the 
82750PD and the host. Further, the host can access 
this address space by high-speed Host-SFB FIFOs 
(see Chapter 5) and also by using the indirect I/O 
and "EMS" modes (which access a common set of 
memory and registers). 

Table 2- 1 shows the memory address space as it is 
accessed by: 

• the 82750PD core. 

• the host via the Host-SFB FIFOs. 

• the host via "EMS" and indirect I/O accesses. 
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Table 2-1. 82750PD and Host CPU Access to the Memory Address 

Space 



Accessible irorr Tie 



Address 



OlSOOOOOh 
0l7FFrFFh 



O1400000h 
0l3FFFFFh 



OlOOOOOOh 
OOFFFFFFh 



OOFFOOOOh 
OOFEFFFFh 



OOFEOOOOh 
OOFDFFFFh 

OOSOOOOOh 
007FFFFFh 



CXXXXXDOOh 



Accessible from the 
82750PD 


Accessible from the 
Host PC via 
Host-SFB FIFOs 


Host v.a 
and indirect !'C 
Moces 


RESERVED 


Not Accessible 


Not Accessible 


SFB 
Intefteaved" ODD 
Quad Words 


Not Accessible 


Not Accessible 


SFB 

interleaved' EVEN 
Quad Words 


Not Accessible 


Not Accessioie 


SynchroUnk Registers 


Syr^chroLtnk Registers 


SynchroUnk Registers 


Access 

byte. word, dword. 
dword aiiQr>ed 


Access 

byte, word, dword. 
dword aliened 


Access 

byte, word dworc 
dworo alioned 


RESERVED 


RESERVED 


Core Registers 

Access 

word word altered 


RESERVED 


RESERVED 


RESERVED 


SFB 


SFB 


SF3 


Access 

byte. word, nonaiigned 


Access 

byte, word: nonaiigned 


Access 

byte word oword 
nonal toned 


• An example of interleaving ts given tn Section 2 5 



2-6 



introduction to the 82750PD 



2.4 82750PD Core Rec 



The 82750PD core registers (i.e. .the registers located 
inside the 82750PD core) can be accessed by both 
^the 82750PD and the host. The 82750PB core 
accesses these registers in microcode: it cannot 
access them as memory locations m the memon* 
address space. The host, usmg the mdirect 1/6 or 
"EMS" modes, accesses the core registers at 
addresses OOFEOOOOh— OOFEFFFFh in the 82750PD 
memory address space (see Table 2-1). 



2.5 Shared Frame Buffer (SFB) 



The Shared Frame Buffer (SFB) is memon- 
connected to the Shared Frame Buffer Interconnect 
(SFBI). For a 64-bit SFB this area of memon- 
comprises 8 Mbytes in the range OOOOOOOOh— 
OOTFFFFFh. As noted in the foDowing subsecuons. 
the 82750PD can also access this memory at 
locations in the range OlOOOOOOh— 017FFFFFh. A 
32-bit SFB occupies 4 Mbytes m the range 
OOOOOOOOh— 003FFFFFh,, and can also be accessed 
at locations m the range 01000000h^l3FFFFFh. 



2.5.1 Accessing the 64-Bit SFB 

The host can access the 64 bit Shared Frame Buffer 
via the Host-SFB FIFOs, the mdirect I/O mode, and 
the "EMS" mode. The 82750PD can access each 
quad word m the 8-Mbyte SFB at two addresses: 

• Consecutive even quad words in the address 
range OOOOOOOOh— O07FFFFFh can also be 
accessed in the 4-Mbyte range; OlOOOOOOh— 
OlSFFFFFh. 
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• Consecutive odd quad words in the range 
OOOOOOOOh— OOTFFFFFh can also be 
accesssed in the 4-Mbyte range: OUOOOOOh— 
OlTFFFFFh. 

Table 2-3 shows how the first few quad words of the 
64-bit SFB are mapped into the even quad word and 
odd quad word areas. The columns in the center 
show the quad words in lower memorv- vnxh the 
bytes numbered. The column on the left shows the 
unmapped quad word addresses. The column on 
the nght lists the mapped quad word addresses. 



Table 2-2. Quad Word Interleaving fora 64^it SFB 



Quad Word 
Addresses 
(Unmapped) 


Numbered Bytes 


Mapped 
Quad Word 
Addresses 


OOOOOOOOh 


7h 


6h 


5h 


4h 


3h 


2h 


1h 


Oh 


OlOOOOOOh 


OOOOOOOSh 


Fh 


Eh 


Dh 


Ch 


Bh 


Ah 


9h 


8h 


0140 OOOOh 


OOOOOOIOh 


I7h 


16h 


15h 


14h 


13h 


12h 


11h 


10h 


OlOOOOOSh 


OOOOOOISh 


1R1 


lEh 


IDh 


ICh 


lBh 


lAh 


I9h 


18h 


0140 0008h 


♦ 





















2.5.2 Accessing the 32 Bit SFB 

The host can access the the 32-bit Shared Frame 
Buffer via the Host-SFB FIFOs, the indirect I/O 
mode, and the "EMS'* mode. The 82750PD can 
access each dword in the 4-Mbyte SFB at two 
addresses: 

• Consecutive even dwords in the address range 
OOOOOOOOh— 003FFFFFh can also be accessed 
m the 2-Mbyte range: OlOOOOOOh— 
OllFFFFFh. 
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• Consecutive odd dwords in the ranfie 
OOOOOOOOh— 003FFFFFh can aJso be 
accesssed in the 2-P^vte range: 01200000h— 
OlSFFFFFh. 

Table 2-3 shows how the first few dwords of the 32 
bit SFB are mapped into the even dword and odd 
dword areas. The columns in the center show the 
dwords in lower memory wixh the bvies numbered. 
The column on the left shows the unmapped dword 
addresses. The columin on the nght Lists the 
mapped dword addresses. 



Table 2-3. Dword Interleaving for a 32-&tt SFB 



Dword 
Addresses 
(Unmapped) 


Numbered Bytes 


Mapped 
Dword 
Addresses 


OOOOOOOOh 


3h 


2h 


ih 


Oh 


OlOOOOOOh 


0000 0004h 


7h 


6h 


5h 


4h 


0140 0000h 


OOOOOOOSh 


Bh 


Ah 


9h 


8h 


0l00 0004h 


OOOOOOOCh 


Fh 


Eh 


Oh 


Oh 


0140 0004h 















2.5.3 Types of Memory on the SFBI 



All memory connected to the SFB Interconnect is 
considered a part of the Shared Frame Buffer. The 
SFB can be subdivided into "display memorv*" 
(memoiy for storing the screen pixels) and "off- 
screen memor>'. The off-screen memory is 
subdivided mto "82750PD workspace." "graphics 
workspace" (for the graphics processor), and "other 
memory/' While the display memory must be 
impleinented in VRAM, the 82750PD workspace and 
the graphics workspace can be implemented m 
VRAM or DRAM. 
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2.6 Reserved Memory Locations 

Memory locations marked as "Reserved'or **RS\'D"' 
should not be accessed. To prevenc che 82750PD 
and host interface from hanging, do not wnte 
software to access reserved locauons; future 
products may define these regions to ser\'e new 
funcaons. See table 2-1 for reserved addresses 
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Chapter 3 
82750PD Core Architecture 



The 82750PD core is a re-implementauon of the 
82750PB iarchitecture wth the necessary* changes to 
imbed it in the 82750PD. This chapter descnbes the^*^ 
82750PD core architecture and discusses the ^ 
operauon of the core FIFOs, the StaUsucal Encoder, 
and the Pixel Interpolator, y 



3.1 Overview 



The 82750PD core includes a wide instruction word 
processor that compnses a number of processing, 
storage, and input/output elements. The v-ide 
instruction word architecture allows a number of 
these elements to operate in parallel. The vanous 
elements are connected via two 16-bit buses, the A 
bus and B bus, as shown in Figure 3-1. Dunng 
each instruction execution cycle, data can be 
transferred from a bus source to a bus desunaaon 
on the A and B buses. The 82750PD core executes 
one instruction every mtemal clock. The mtemaJ 
clock runs at one-half the frequency of the SFBI 
clock.The 82750PD core data and address lines are 
connected to the 82750PD mtemal bus. which is 
inside the 82750PD but external to the 82750PD 
core. Signals from the SynchroLink interface enter 
the core on the VBUS. 

The core accesses the core registers only in 
microcode (see Chapter 4). The host accesses the 
core registers m the 82750PD memory address 
space. The core register addresses are given in 
Section 3.15. 
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3.2 General Purpose Registers 



The 82750PD core has 16 general purpose data 
registers, each 16 bits vndt, which are connected to 
both the A bus and B bus as both sources and 
destinauons. These registers, denoted by rO-rJ5*. 
constitute the General Registers in Figures 3- 1 and 
S'Error! Bookmark not defined.. AH of the 
registers are funcuonally idenucal except rO. which 
is descnbed in the foUow-nng paragraph. A register 
can be the source for both the A bus and B bus m 
the same inscrucaon. However, a register cannot be 
the destination for both the A bus and the B bus in 
a single instruction. Because the registers are 
doubly latched, the same register can be both a 
source and destination in the same cycle. The result 
is that the data in the register prior to the current 
cycle IS dnven on the source bus, and the data on 
the destination bus is latched into the register at the 
end of the clock cycle. 

The rO register has additional logic to allow^ bit 
shifting and byte swapping. In addition, the MSB 
and LSB of the rO register are stored in the ALU 
Condition Flag Register, cc descnbed in the 
foDowmg section. The value in rO can be shifted left 
or nght one bit position per instruction cycle. For 
nght shifts, the new MSB is equal to the old MSB; 
I.e.. the value is sign-extended. For left shifts, the 
new LSB is equal to '0'. Register rO cannot be 
shifted and loaded in the same instruction. 




^ 82750PD core registers are shown in lower case 
Italics. (See Secuon 1.2 for register nqtauon.) 
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Byte swapping only occurs when rO is being loaded 
with a value from the A bus or B bus. B>':e^ 
swapping causes the most significant byte and the 
least significant byte of the 16-bit value bemg loaded 
into rO to be interchanged. Refer to Chapter 4 for a 
descnpuon of the SHFT microcode field that controls 
'the shafting auid swapping operauon in rO. 



3.3 Arithmetic/Logic Unit (ALU) 



The ALU performs 16-bit arithmetic and logic 
operations, and can also be operated as two 
independent 8-bit ALU's for the D'ual-Add-v^ith- 
Saturate operation (discussed later in this secaonl 
Two fields in the microcode instrucuon affect the 
operation of the ALU. The ALUOP field specifies the 
operauon to be performed, and the ALUSS field 
specifies the source of the two ALU mputs. Refer to 
Chapter 4 for further informaaon on these fields. 

The two ALU operands come from values held in the 
ALU input latches or from "eavesdroppmg" on the A 
or B bus. The result of any ALU operauon is latched 
in the 16-bit ALU Output Register, alu. In a 
subsequent instrucuon. this result can be 
transferred to any A or B bus destinauon. 



3.3.1 Condition Code Register 

The ALU has four condiuon flag outputs — ALU 
Carry Out, ALU Sign, ALU Overflow, and ALU Zero 
— which are stored in the Condiuon Code Register, 
cc. Table 3-1 shows the cc register and defines the 
ALU condiuon code outputs. For most ALU 
operaUons the states of these four condiUon flags 
are latched when the operauon is complete. The 
excepUons are given m Secuon 3,3.2. 




Table 3-1. ALU Condition Code Register 



Mnemonic: cc 



Bit No. 


15^ 


7 1 6 1 S 


4 


3 




2 ' 1 ' 0 


Name 


RSVD 


/CMSB 


rO LSB 


LCNT2 


ALU 
Zero 


ALU 
Sign 


A 
Ove 


LU 1 ALU' t 
rfiow Carry ! 0 , 
1 Ou: 1 ! 



See Section 3. 15 for core regster addresses 



Bit No. 


Name 


Description 




0 


RSVD 






1 


ALU Carry 

Out 


(R/W) The value of this bit equals the car^ oLrt 
bit position in the ALU Thts bit ts 0' for aJl looic 


the most signiftcart 
ooeraoons 


2 


ALU 
Overflow 


(R/W) The vaiue of this bit rs" (ALU Carry Out) 
sionificant bit ot ALU resull'i This bit ts "O* tor al 


XOR (Carry in to mcs: 
looical ooerations 


- 3 


ALU Stgri 


(R/W) The value of this bit ts the most significa 
result 


ni bit of the ALU 


4 


ALU Zero 


(R/Wl This b(t IS set onty if ail brts ot ihe ALU r 


ssutt are 'C 


5 


LCNT2 


(R/0\ This btt ts set onty ri the value of the looc 


counter fs '0* 


6 


fOLSB 


(R/0). The value ot this bit is the value of the le 
reaister /C 


ast significant btt of 


7 


/0MS6 


(R/0). The value of thts btt is the value of the m 
reoister fO 


ost significarit bit of 


15-8 


' RSVD 
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Address, Core Register* 
Reset State: Not available. 



Table 3-2 is a list of the ALU operauons. The 
condition flags in the cc register are latched upon 
completion of the ALU operations, wth the 
exceptions of the eight operations tagged with 
asterisks in Table 3-2. These operauons do not 
disturb the condition flags of the previous ALU 
operation. Microcode routines can read and wnte 
the cc register to save and restore the states of these 
flags. 




4 
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Table 3-2. ALU Operations 



Operation 




" 

Operation 


No Ooeration' 




Incrernent a 


Pass a 




Increment b 


Pa<S b 




Decrement a 


1 5 u^omDnrneni or a 




Decrement b 


< 9 wui null) iiei 11 u 1 U 




DuaJ Add w!tn Saiurats' 






a • b • (Previous Can%' 


^NOT a) AND b 




a-b - (Previous Borrow 


a AND (NOT bl 




-a-b - (Previous Borrow 


a OR b 




internjDt Host* 


a XOR b 




Zero* 


a^b 




Pass a Dont Latch Raas' 


a*b.i 




Pass b Dont Latch Ftaas' 


a-b 




(NOT a) OR b 


-a*b 




aORfNOTbi 


2's Compttment of a 




Dual Subtract wn^ Saturate* 


2"s Comoltment of b 




Pertofmanoe Monitor' 



The Dual-Add-with-Saturate operation perfonns 
independent. 8-bit ADDs on the upper and lower 
bytes of the two ALU operands. The tM.*o b\-tes of the 
A operand are treated as unsigned binan- numbers 
(00:FFh corresponds to 0: 255). The two bvies of the 
B operand are treated as offset binary numbers w-ith 
an offset of + 128 (00:FFh corresponds to -128: 127). 
The upper and lower byte results, including the 
carry output of each byte, are treated as 9-bit offset 
bmary numbers with a +128 offset (OOOrlFFh 
corresponds to - 128:383) and are saturated to a 
range of 0-255. A result less than zero is set equal 
to '0' (OOh), and a result greater than +255 is set 
equal to +255 (FFh). 

In fact, the Dual-Add-with-Saturate operauon is 
s>Tnmetnc vnth respect to the two operands. Either 
the A operand or the B operand can be defmed as 
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the unsigned binar>* value, and the other operand is 
treated as the offset, signed binary value. 

Dual-Subtract-wiLh-Saturate is similar to Dual-Add- 
with-Saturate. It calculates A - B + 128 on each 6- 
bit half of the two 16-bit inputs, and clamps the 
results to 0 and 255. This can be viewed as 
subtracting an ofifset-binaiy signed hyic (- 128 to 
127) from an unsigned byte (0 to 255K 



3.3.3 82750PD Interrupts 

The "mterrupt host" operauon produces the MCINT 
(microcode interrupt) condition, which can 
potenaally generate an 82750PD interrupt. This is 
one of several 82750PD interrupt sources, which are 
discussed in Sections 3.14 and 5.7, 



3.3.4 Performance Monitoring 

The "performance monitor" operation toggles the 
PMON# pm, and is primarily used for performance 
momtoring and/or debugging. The PMON# funcaon 
is available only when the ISA or PCI host bus is 
selected. 



3.4 Barrel Shifter 



The barrel shifter performs a single-cycle, n-bit shift, 
left or nght. It operates independently of the ALU 
and affects none of the condition flags. Table 3-3 
describes the three types of shifts that can be 
performed. Each type of shift has an associated 
register, which is named for the shift operaUon. The 
A bus registers shifi-r, shifi-rL and shtft-L specify' the 
type and length of a shift. 
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Table 3-3. Barrel Shifter Operations and Registers 



Shitl Operation 
(and Register Name) 


Description 


shftt-r 


RiQht sfiitt witfi sian e«ensicn 


sntft-rl 


Rioht shift witfi *0* fiii 


shift-f 


Left shift with '0' fill 


shit 


Stores the result of the shift 



To invoke a shift operation, write the 4-bit shift 
amount to the register named for the desired shift. 
The operand is taken from the B bus. and the result 
IS stored m the Shifter Result Register, shift. As m 
the case of the ALU Restilt Register, the value in 
shift can be read onto the A bus or B bus in the 
mstrucuon cycle that follows. 



3,5 Data RAM 

The Data RAM (DRAM) holds 512, 16-bit words, 
which are accessed via four pomters: drcunN. N = J- 
4. To access a specific locauon m DRAM, the 
microcode routine loads a pointer with the address 
to be accessed and then performs a read or v^nte via 
the same pointer. The pomter can opaonally be 
post-incremented or post-decremented in parallel 
with the DRAM access. 

The four pointers. cirami-clram4. can be \v'ntten and 
read via the A bus. When a DRAM pomter, which is 
only 9 bits wide, is read onto the A bus. the upper 
seven bits of the A bus are cleared. 
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NOTE I 

The width of the DRAM pointers may ' 

change m laxer versions of the 82750PD. I 

Sofiware should not rely on the width of a ! 

pointer to. for example, mask the upper ! 

seven bits of a value to '0\ ' I 



All four pointers can be used to read or wTitt the 
Data RAM from either the A bus or B bus Only one 
DRAM access can be performed in a singie clock 
cycle. 

The notauon for a DP^AM access is (using C-hke 
language syntax) 'draml. The • means "the value 
pomted to by". As another example, 'drain3^+ 
means access the Data RAM using the pointer 
draniS and then increment dramS. The symbol - - 
in place of the ^h- indicates autodecremenc. 



3.6 Loop Counters 



Microcode programs can use two 16-bit loop 
counters, cm and cnt2, for automatically counting 
Iterations of a microcode loop. In parallel vnxh other 
operations performed in an instruction, the 
82750PD core can decrement either loop counter, 
and execute a conditional branch based on the loop 
counter value being equal or not equal to 0'. 

Refer to Secuon 4.3 for descnpUons of the following 
microcode bits and flags associated with the loop 
counters: 

• LC, the Loop Counter Select bit 

• CNT. the Decrement Loop Counter bit 

• LCNTZ, the Loop Counter Zero value m the 
CondiUon Flag Select (CFSEL) field of the 
microcode mstruction 
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The two loop counters (cm and cra2} can be read or 
wntten on the A bus and. therefore, can be used for 
variable storage when they not semng as loop 
counters. You can also write to and decrement a 
loop counter in the same mstrucuon cycle by 
specifying the counter as A DEST and setting the 
CNT bit. The value of the counter at the start of the 
next cycle is the newly loaded value of the counter 
minus one. Note that the LC microcode bit does not 
affect the loop counter that is wntten or read over 
the A bus. because each loop counter is separately 
addressable as an A bus source or destmauon. 



Z.7 Microcode RAM 



The 82750PD executes instructions stored in 
Microcode RAM (MRAM), which is inside the core. 
The MRAM holds 512 48-bit instructions. To start 
the microcode processor the host CPU normally 
loads a microcode program into the MRAM. points 
the program counter, pc to the start of the program, 
and then clears the HALT bit in the cconcrol register. 
The microcode processor can also load its own 
MRAM to overlay new routines. Table 3-4 bsts the 
registers associated with the microcode R^M. 



Table 3-4. Microcode RAM Registers 



Register 
Mnemonic 


Register 
Name 


Description 


mcodei - 
mcoaeS 


Microcode 
Instruction 
Reoister 1-3 


mcodei-mcode3 are loaded wtth me three words 
of a 48-bit instruction to be wnnen to MRAM 


maadr 


Microcode 
Address Reatster 


A pointer to locations in microcode RAM 


pc 


Program Counter 


A pointer to the next miaocode instructon to be 
executed 
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The host CPU can wTite an inscrucuon co MR-\M bv 
execuung the. following steps: 

1. Load the three registers mcode l-mcode3 vnxh 
the three 16-bit words of the instrucuon (the 
most significant word goes into mcodel]. The 
order of loading does not matter. 

2. Load maddr with the address where the 
instrucuon is to be written. This initiaces the 
wnte to microcode RAM. 

The host CPU can read the MRAM with this 
sequence: 

1. Load the pc with the address of the 
instruction to be read. 

2. Read the three 16-bit words of the instrucuon 
from the mcodel-mcodeS registers. 

Normally^ this would be done by the host CPU while 
the 82750PD is halted. 

The mcodel-mcode3 registers used in a read 
insuruction and the write mcodel-^mcodeS registers 
used in a write instruction are, in fact, different 
registers. Writing values into mcodel-mcode3 and 
then readmg the values of mcodel-mcodeS does not 
return the same values as just written. The read 
registers hold the instrucUons stored in the 
instrucuon latch (the instrucuon to be executed). 
The write registers hold an instrucuon that is about 
to be written mto microcode RAM. 

After wnting to maddr to load an instrucuon mto 
microcode RAM, a one-cycle freeze occurs. Dunng 
the freeze, the instrucuon is written to microcode 
RAM. The mstrucUon following the wnte to maddr 
can either Jump to the address just loaded or stan 
loading the mcodel-mcodeS registers with the next 
instrucuon to be written. 
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The 82750PD requires at least one mstrucuon 
between the wnte to mnddr and the cxecuuon of the 
instruction that is loaded by the wnte to mnddr. See 
Section C.3 for an illustrative example of code 

When the host CPU v^ntes a imcrocode-R\M address 
to the pa the instructaon at that address is loaded 
into the mcodeJ-mcodeS registers. When the 
microcode processor is released from its Halt 
condition, this is the first instruction executed. 

When the host CPU reads the pc. the result returned 
is the address of the instruction that is executed 
when Halt is released, that is, the address of the 
instruction held in the mcodel-mcodeS registers. 



3.8 Horizontal Line Counter 



The l2-blt Horizontal Line Counter, Icm. is updated 
by VBUS codes. (Sec Section 5.7 for the generation 
of VBUS codes.) The counter is cleared by a VODD 
code and incremented by an HLINE code. Av-aiue 
can also be wntten into the Horizontal Line Counter 
by microcode or the host. The upper four bits of Icm 
always read 'O's, 



3.9 Field Counter 



The 4'bit Field Counter. /cnt. is updated by VBUS 
codes. The counter is mcremented each time a 
VODD code or VEVEN code is received. When the 
field counter is read, the upper 12 bits read *0's. 
This counter is not iniualized by reset. 



82750PD Core Architecture 



\ 



3,10 Core Input FIFOs 



The two Core Input FIFOs arc a pajr of high-speed 
input channels that read data from the SFB via the 
internal bus. These FIFOs are distinct from the 
82750PD host-SFB FIFOs, which reside outside the 
82750PD core and transfer data between the SFB 
and the host (see Section 5,61, 

(The Core Input FIFOs can read from any address on 
the internal bus that is accessible from the 82750PD 
— not just the SFBI. However, the descnpUon of the 
FIFO operauons is simplified by assuming that the 
FIFO is reading the SFB.) 

The two mput FIFOs arc independent. They can read 
the SFB in bytes, beginning with any byte, or in 
words, beginning on any word boundary. To speed 
the data input process, you can program the FIFO to 
automatically increment or decrement the SFB 
address and to increment/decrement by words or 
dwords. To obtain the requested bytes/words, the 
FIFO fetches the dau in quad words (64 bits), which 
arc then read by the microcode. The FIFO's double 
bufTered design enables it to fetch the next quad word 
while the microcode reads the bytes/words from the 
current quad word in the FIFO. (This quad-word 
fetching operation is transparent to the programmer.) 

A FIFO is denoted by FIFOn, where n = 1 or 2. Table 
3-5 lists the registers associated with the Core Input 
FIFOs. 
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Table 3-5. Core Input FIFO Registers 



Register 
Mnemonic 


Register 
Name 


Descnption 


ml -10, tr\2'io 


Core Input FiFOn 
Low Address 


Specifies bits IS-0 of the address m 82750PD 
memory address soace 


m)'hi. m2-ht 


Core input FlFOn 
Hiqh Address 


Speafies bits 31-16 of the address m 82750PD 
memory address soace 


tni-e. m2'C 


Core input FlFOn 
Control 


Each of these registers controts !ts corresponding 
FIFO. 


'ml 'in2 


Core Input FIFOn 
Data 


Reading thts register reads ffie (byte^vord) 
fetched over the intamai bus by the Core Input 
FIFO 


arcttuf 


Circular Buffer 


Speafies the size of the circular buffer and forces 
the associated address btt iow 



InN-lo, InN-hi Table 3-6 shows the fonn of the 
control registers, ini-c in2-c The paragraphs to 
follow describe the register bits. 



Table 3-6. Input FIFO Control Registers 



Mnemonic: inN-c; Nsi^ Address: Core Register* 

Access: R/W Reset State: Not availabte. 



Bit No. 


15-6 


5 


4 


3 


2 


1 1 0 


Name 


RSVD 


BY.32 
MODE 


C6 


PF-OFF 


AHOLD 


DEC/ 
INC« 


BYTE 
WORD* 



' See Section 3 1 5 for core register addresses 



WORD/BYTE (bit 0) (See also the By-32 Mode bit.). 

1 = Byte mode. The FIFO reads bytes. The high 
byte of 'inN holds the value OOh, 

0 = Word mode. The FIFO reads words beginning 
on any word boundary, 

DEC/INC# (Decrcment/lncrement#, bit 1). This bit 
detennines the order of reading bytes /words from 
the SFB, as shown below: 
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1 = Decrement mode. The FIFO reads from the 
most significant to the least significant b\te or 
word. 

0 = Increment mode. The FIFO reads from the 
least significant to the most significant byte or 
word. 



AHOLD (Address Hold, bit 2) Scttmg this bit 
disables automatic mcrementing/ decrementing of 
inN-lo and <nN-ht and prevents the Core Input 
FIFOs from double buffering the read data. At the 
end of an internal bus cycle the FIFO is updated 
with 64 bits of data. The Core Input FIFO does not 
issue another read request to the internal bus until 
there is a write to ihS-lo or a roll-over/roll-under 
read access of the Core Input FIFO. If there is a 
write to &iN-lo. the IFIFO then fetches dau from the 
new location. If a roll-over/roll-under occurs, a 
memory request is issued to fetch data from the 
unchanged address. 

PF-OFF (Prefetch Off* bit 3). Setting this bit causes 
the Core Input FIFO to wait for a request to fetch a 
new quad word over the internal bus. 

1 = Prefetch-Off mode. The FIFO prefetches the 
first two quad words to fill its buffer (when 
started at a new address location) but 
thereafter fetches a new quad word only when 
there is a read request for a byte/word in an 
tinfetched quad word. 

0 = Prefetch-On mode. The Core Input FIFO 

prefetches successive quad words as necessary 
to keep its buffer full. Fetch addresses ascend 
or descend according to the INC/DEC bit. 

CB (Curular Buffer, bit 4). Setting this bit enables 
the creation of a circular buffer m the SFB. The 
appropriate address bit on the internal bus 
(depending on the size of the circular buffer to be 
created) is cleared. The register pointers remain 
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unchanged. The size of the circular buffer can be 
64 Kbytes. 128 Kbytes, or 256 Kbnes. as determmed 
by bits 2-0 of the Circular Buffer Register, arcbuf 
(shown in Table 3-7). 



Table 3-7. Circular Buffer Register {circbufi 



Bits 2-0 


Buffer Size 


Effect on 82750PD Internal 

Address Bus 

(For Function Enabled) 


000 


Disabled 


None 


100 


256 Kbytes 


Internal Address 18 forced to 0 


010 


128 Kbytes 


Internal Address 17 forced to 0 


001 


&4Kbvtes 


Internal Address 16 forced to 0 



BY-32 MODE (bit 5). This bit is a "don't care" if 
prefetches are disabled {PF-OFF = 1). 

1 = The SFB pointer increments or decrements by 
four bytes. 

0 = The SFB pointer increments or decrements by 
two bytes. 

The WORD/B\TE bit and the' PF-OFF bit determme 
which bytes or words are read when the SFB 
address is automaucally incremented/decremented. 

Figure 3-2 shows the data words obtained for the 
four combinauons of the WORD/BYTE and BY-32 
MODE bits. 
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WORD/BYTE = 0 
BY-32 MODE = 0 

Begin at byte 1. 



: "ooh" 


BYTE 1 


"OOh" 


1 BYTES 



"OOh" ' BYTE 5 I 



WORD/BYTE = 0 
BY-32 MODE = 1 

Begin at byte 1. 

"OOh" BYTE1 
! "OOh" I BYTES 
' "OOh" BYTE 9 



WORD/BYTE = 1 WORD/BYTE = 1 

BY-32 MODE = 0 BY.32 MODE = 1 

Begin at byte 0. Begin at byte 0. 



! BYTE 1 i BYTE 0 ! 


i BYTE1! BYTEO ' 


j BYTE 3 ! BYTE 2 \ 


i BYTES 


BYTE4 


j BYTE 5 1 BYTE 4 | 


; BYTE 9 


BYTES 



Figure 3-2. Input FIFO Modes for Reading Data 



The following steps are the standard sequence for 
initializing a Core Input FIFO and beginning a read 
operation: 

1. Write to the control register (inX-c). 

2. Using a single instruction, wnte to the high 
address register (tnN-hi) and low address 
register (inN-Io). (After this wnte the FIFO 
begins fetching bytes or words from the SFB 
via the internal bus.) 

3. Read a byte or word from 'inS. 

Successive reads from 'inN read sequential bytes or 
words from the SFB. Writmg to the control register 
each time the FIFO is started at a new address is 
unnecessary, except to change the FIFO mode. 
Further, if the new address is within the same 
64-Kbyte page of the SFB. only the lo-address need 
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be wntten to scan the FIFO reading from Lhe ne^v 
address. Any old data in the FIFO is lost. 

If microcode attempts to read a value from an empc\* 
Core Input FIFO, the processor is frozen prior to the 
execuaon of the next instrucuon. It remains frozer, 
until the FIFO control logic has fetched another 
dword over the internal bus and extracted the next 
value. At this point the processor is released, and 
the instruction that reads the value is executed. 
When the processor is frozen and waiting for an 
empty FIFO, that FIFO's SFB access pnonc\' is 
raised above all other FIFO's. 



3.11 Core Output FIFOs 

The Core Output FIFOs, are high-speed output 
channels for writing data over the internal bus to 
the SFB. These FIFOs are distinct from the 
82750PD's host-SFB FIFOs, which are external to 
the 82750PD core and transfer data between the 
SFB and the host (see SecUon 5.6). 

The Core Output FIFOs operate independently, each 
with its own set of registers. The FIFOs can wnte to 
any address on the internal bus that is accessible to 
the 82750PD. To simplify the discussion, we 
assume that the FIFOs are wnting to the SFB. 

Data can be written to the SFB in bytes/words 
beginning on any byte /word boundary, respecuvely. 
To speed the data input process, you can program 
the FIFO to automaucally increment or decrement 
the SFB address by words or dwords. The FIFO 
coDects the bytes/words written to it and wntes 
them to the SFB in quad words. The FIFO's double 
buffered design permits the microcode to w-Tite the 
bytes/words of one quad word while the FIFO wntes 
the previous quad word to the SFB. (The actual 
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process of assembling the quad words and unuiig tc 
the SFB is transparent to the programmer.) 

Table 3-8 descnbes briefly the registers associated 
with the Core Output FIFOs. 



Table 3-8. Output FIFO Registers 



Register 
Mnemonic 


Register 
Name 


Oescriptiof^ 


outl-io, out2' 
to 


Output FlFOn Low 
Address 


Speafies brts 15-^ of tt\e address m the 
82750PD memory address space 


outi'hi, our2' 
tv 


Output FiFOn 
Hioli Address 


Speafies bits 31-16 of the address in tne 
82750P0 memory address space 


outUc, out2- 
c 


Output FIFO n 
Control 


Each ot these registers conirots ns associated 
FIFO 


*outh *out2 


Output FIFO/7 
Data 


A byte/word written to this register is wntten to the 
internal bus by the FIFO 


outlet; 


Output FlFOn 
Skip Data 


A byte/word written to this register is skipped by 
the FIFO. It IS not wntten to the 82750PO 
address soaoe. 


arctouf 


Circutar Buffer 


specifies the size of the arcula; buffer and forces 
the associated address pin low 



Each Core Output FIFO has its own control register. 
outl-c or ou£2-c, which is descnbed in Table 3-9 and 
the following bit descriptions.. 

Table 3-9. Output FIFO Control Registers 



Mnemonic: outi'C;H=1^ 
Access: RyW 



Address: Core Register* 
Reset State: Not available. 



Bit No. 


15-6 


5 


4 


3 


2 


1 


0 


Name 


RSVO 


BY.32 


FORCE-LSB 


FORCE LSB 


AHOLD 


DEC/ 


BYTE 






MODE 


ENABLE 


• VALUE 






WORD« 



See Section 3.15 for core register addresses. 



BTTE/WORD# (bit 0). This bit determines whether 
the FIFO wntcs words or bvtcs to the SFB. (See also 
the BY.32 Mode bit.). 
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1 = B>te mode. The FIFO w-ntes bvies to the SFB 
on any byte bound an*. The low b>ie %Titten tc 
'ouxS IS wntten to the byte address u** the SFE. 
The high byte wntten to *outN is ignored, and 
the corresponding byte in the SFB is 
unchanged. 

0 = Word mode. The FIFO wntes word- aligned 

words to the SFB (the address of the low byte 
must be even). 

DEC/INC# (Decrement/hicremem. bit 1). This bit 
detcnnines the order m which bytes or words are 
wntten to the SFB. 

1 = Decrement mode. The FIFO wntes from the 

most significant to the least significant bvte or 
word. 

0 = Increment mode. The FIFO writes from the 

least significant to the most significant byte or 
word. 

AHOLD (Address Hold, bit 2). Setting this bit 
disables automaac incrementing/decrementing of 
ouiN-hiand ouiN-b. The FIFO continues to wnte to 
a smgle quad word m the SFB. 

Force LSB Value (bit 3), The value of this bit is the 
value of the LSB wntten to each byte, provided that 
the FORCE LSB ENABLE bit is set. 

Force LSB Enable, (bit 4). Setting this bit forces the 
LSB of each byte written to the SFB to be a T or a 
'0\ as specified by the FORCE LSB VALUE bit. 

BT-32 MODE (bit 5). This bit aJBfects operations oniv 
forAHOLD = 0. 

1 = The SFB pointer mcrements or decrements by 

four bytes. 

0 = The SFB pointer increments or decrements by 
two bytes. 
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Figure 3-3 shows the data words wntten to the SFE 
for the four combmaaons of the WORD/B\T£ and 
BY-32 MODE bits. These sequences are the same as 
those for the core input FIFO (see Figure 3-3). 



WORD/BYTE = 0 


WORD/BYTE = 0 


BY.32 MODE = 0 


BY-32 MODE = 1 


Begin at byte 1 . 


Begin at byte 1. 


1 "OOh 1 BYTE 1 i 


I 


"OOh- 1 BYTE 1 . 


^ "OOh" I BYTP 3 1 




"OOh" ; BYTE 5 ; 


! "OOh" ' BYTES} 




•*00h" 1 BYTE 9 i 


WORD/BYTE = 1 


WORD/BYTE = 1 


BY.32 MODE = 0 


BY-32 MODE = 1 


Begin at byte 0. 


Begin at byte 0. 


i BYTE 1 1 BYTE 0 




BYTE 1 1 BYTE 0 . 


BYTE 3 1 BYTE 2 




BYTE 5 i BYTE 4 


i BYTES 1 BYTE4 




BYTE 91 BYTEBt 









Figure 3-3. Output FIFO Modes for Writing Data 



In BY-32 MODE the pointer increments or 
decrements by four bytes, regardless of whether the 
FIFO iS in 8-bit pixel mode (WORD /BYTE = 0) or 16- 
bit pixel mode (WORD/BYTE = 1). BY-32 MODE 
facilitates writing microcode that operates on one 
component of an image with 32 bits per pixel. The 
bytes or words that are skipped are unchanged ui 
the SFB. 

The standard sequence for iniQalizmg a Core Output 
FIFO comprises the following steps: 

1. Write to the control register (oulN-c) 
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2. Wnte to the low address register (ooLN-iol 

3. Write to the high address register [ou^-hli 

4. Write a series of bvtes or words to 'oulX. 

There must be one instrucuon between the wnte to 
the Core Output FIFO's low address ouiN-io and the 
first wnte to •olxl\. Therefore, it is recommended 
that ou^'-Io be written before ouiN-hi as in the 
sequence above. Note that this is the reverse of the 
order for the Input FIFOs. 

After writing one or more bytes or words to 'ouxS. 
and before changing the SFB address, alwax-s flush 
any data that is not yet written to the SFB (i.e.. data 
remaining m •ou^sT). A flush is scheduled by any 
write to the control register (ou£N-c). To execute the 
flush, load any valid address into oiilN-lo. The data 
is lost if you change ou£N-hx or ouiN-to while data is 
in the FIFO, 

When pointing to a new SFB address that is m the 
same 64-Kbyte page of the SFB, you need wnte only 
the low address to ou£N-to. However, it is suD 
necessary to have one additional instrucuon before 
the first write to •oti£N. 

When wnting bytes or words to the SFB through a 
Core Output FIFO, you can skip a bvte or word by 
wnting to 0LirN++ instead of 'outN. When the values 
are wntten to the SFB. any byte or word that was 
skipped retains its onginal value in the SFB. This 
can be used when wriUng a senes of pixels, some of 
which axe "transparent," allowing whatever was 
behind them to show through. 

If the microcode routine attempts to write a value to 
a full Core Output FIFO, the processor is frozen 
pnor to the execuuon of the wnte instrucuon. The 
processor remains frozen until the FIFO has a 
chance to wTite one of the buffered quad words to 
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the SFB. At that point the processor is released 
from the frozen state, and the wnte mstrucuon is 
executed. When the processor is frozen and waitmc 
for a particular FIFO that is full, that FIFO s SFE 
access pnont>' is raised above all other FIFOs. 



3.12 Statistical Decoder 

The Statistical Decoder (or Huffman decoder) is a 
specialized input channel that can read a variable- 
length bit sequence over the 82750PD internal bus 
and convert it to a fixed-length bit sequence that is 
read by the microcode processor. This sccuon 
discusses the variable-length code, the vanable-to- 
fixed conversion process, and how to control this 
process with the Staustical Decoder Control 
Register. 

Table 3-10 lists the registers associated with the 
Statistical Decoder. Further descnptions are given 
in this secuon. 



Table 3-10. Registers Associated with the Statistical Decoder 



Register 
Mnemonic 


Register 
Name 


Description 




Decoder Control 


specifies me decoding mode, as well as mooes 
for readtnq and wntino tne code descriotion taoie 


Star-ram 


Decoder Table 
Wnte 


Writing data to this register stores ttie data in t^e 
oode descrtpDon table 


'Stat 


Decoder Read 


Reading this register reads data from the code 
descnotion table 




Decoder Hold 
Read 


Reading from thts register instead of 'stat 
prevents the decoder from auiomaocally staring 
to decode the next symbol 


stat'to 


Decoder Sr B 
Potnter Low 


Least significant byte ot the decoder s pointer to 
the SFB 


stat'hi 


Decoder SFB 
Pointer Hioh 


Most significant byte of the decoder's pointer to 
the SFB 
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3, 1 2>1 Statistical Codes 



In image compression, as well as m other 
apphcauons such as text compression, certain data 
values occur more frequently than others. A means 
of compressing this data is to use fewer bits to 
encode more frequently occurring values and more 
bits to encode less frequently occurring values. This 
type of encoding results in a vanable-length 
sequence in which the length of a symbol (the group 
of bits used to encode a single value) can range, for 
example, from one to sixteen bits. 

The statlsucal code that the decoder can interpret 
has one of two forms, which are illustrated by the 
examples in Table 3-11. 



Table 3-11 . Codes that Can Be Read by the Statistical Decoder 



Example of Form A 



Ox 

10X 

110m 

lltOxxxxx (5Vs) 



ninmoxxxwx (S'rs.S'x's) 
munnoxxxxxx f9-i's B'xs) 



Exampk of Form B 



1x 

01x 

OOlxxx 

OOOIxxxw {5-x's) 



OOOOOOOOIxxXXXx iSV's 6*x'si 
0000000001 xxxxxx f9 0s 6 xs, 



Each symbol of a given length (one per line, as in the 
examples shown in Table 3-11) comprises a run-m 
sequence followed by some number of x-bits. There 
are two forms of the run-in sequence. In Form A the 
run-in sequence consists of zero or more 'I s 
followed by a '0*. In Form B the run-m sequence 
consists of zero or more 'O's followed by a T. 

The run-in sequence is defined as a senes of zero or 
more 'I's followed by a '0' (Form A) or zero or more 
'O's followed by a T (Form B), The remainder of this 
dcscnption uses examples of form A- A bit m the 
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decoder control register (discussed later) selects the 
polanry of the run-in sequence bits. 

Each x-bit can be '0* or '1'. In this example of Form 
A there are two symbols of length r^'o; 00 and 01 . In 
general, the number of x-bits on a line in Table 3- 1 1 
can be independently set to a value from zero to slx. 
The goal, in general, is to have a few short codes and 
a larger number of long codes. Thus, codes unth 
fewer run-in bits typically have fewer x's foUounng. 
However, this is not a hardware constramt. 

Code Description Table 

A code of this form is completely described by a code 
description table. For each length of run-m 
sequence, this table lists: 

• R = the number of Ts m the run-in sequence. 

• X = the number of x-bits following the '0*. 

The value of R is used as an index to the code 
description table. However, instead of stormg x m 
the table, we store 2^ because it is easier to 
implement in logic. 

For the example above, the corresponding code 
descnption table is shown in Table 3-12. 



Table 3-12. Sample Code Description Tables 



X 


R 


2^ fdec.) 


2*(bin.i 


1 


0 


2 


0000010 


1 




2 


000 0010 


3 


2 


6 


000 1000 


5 


3 


32 


010 0000 




• • • 






€ 


7 


64 


1000000 
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Note that the highest number of Ts in the run-m is 
seven. For symbols with more than seven I s. the 
value of X and 2^ for seven 'I's is used for all 
symbols having seven or more "Ts m the run-m 
sequence. For example, in the code above a s\-mbol 
with eight or more ' I's in the run-m sequence has 
six x-bits following the '0', which is the same as for 
symbols having seven 'I s. 

For each different symbol, including all symbols of 
the same run-m length with different x-bit values, 
the decoder generates a unique fixed-length, 16-bit 
value. Some of the decoded values for the sample 
code given above are listed in Table 3-13. 



Table 3-13. Decoded Values 



Symbol* 


Decoded Value 


OS 


0 


01 


1 




2 


101 


3 


iioQ2a 


4 


110QQ1 


5 




6 


• • • 


• • • 


110111 


11 


1110QQQQQ 


12 


« • • 


• • • 


111011111 


43 


« • • 


• • • 



* T^e x-bfts of me symbol are underlined 



tofcianty. 
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The following steps compnse an algonthm for 
generating a decoded value from a svinbol: 

1. All symbols of a given run-m lengtii are 
assigned a base vaJue B, which is given by t±ie 
following formula: 

with r = 0. 1. 2 R-1 

where x(r) corresponds to the x-value m the 
table enirv corresponding to R = r (see Table 
3-121 

2. The value corresponding to a parucular 
s\Tnbol is equal to B plus the binary value of 
the x-bits in the symbol. 

For example, m the above code: 

B{0) = 0. (B(0) is always '0') 
B(l) = 0 + 2 = 2 
B(2) = 0 + 2+2 = 4 
B(3) = 0 + 2+2 + 8=12 
B(41 = 0 + 2 +2 + 8 + 32 = 44 

Note that a logical implementation of B(R) is easier 
as a summauon of 2^^^' than it would be for a 
summation of x(r). This is a reason for usmg 2^ in 
the code descnption table (Table 3-121. 

Short Mode and End Mode 



The implementation of this codmg scheme in the 
82750PD core can be enhanced by using two 
modificaaons, SHORT mode and END mode. 

SHORT mode allows the decoder to be switched 
easily to a simpler code format without havmg to 
reload the code descnpUon table. In SHORT fonn all 
symbols have the same number of x-bits, as though 
ail entries m the table had been filled with the same 
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value of 2^. SHOFTT mode is invoked by setuns Lhe 
SHORT bit m the Scatisacal Decode Control Register 
(discussed in the next secuon). and the value o^2^ 
IS placed in the SV'AL field of this register (see Table 
3-17 below). 

END mode consists of droppmg the *0' at the end of 
the longest run-in sequence. For example, consider 
the code: 

0 

lOx 
llOx 

END mode shortens the last symbol to 1 Ix instead 
of 1 1 Ox. The trailing '0' is not required because the 
decoder is told that the maximum length of a run-in 
is two 'I's. The resulting symbol set and 
corresponding decoded values are given m Table 3- 
14. 



Table 3-14. Decoded Values Using END Mode 



Symbol 


Decoded Value 


0 


0 


100 


1 


101 


2 


no 


3 


111 


4 



c 
c 

c: 

c 

e: 



In END Mode the number of x-bits must be constant 
for all symbols of the same run-m length. Therefore 
a code such as the following is incorrect: 
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0 

lOxx 
llxxx 

The last symbol (1 Ixxx m this case) uses the same 
table entiy for 2^ as the next-to-last s\-mbol (10>c:) 
and, therefore, the last symbol should be 1 Ixx. 

The maximum length of the run-in sequence in END 
mode is specified by placing an END flag m the code 
description table. For example, a code and the 
corresponding table are shown in Table 3-15. 



Table 3-15. END Flag Decoded Values 





Table Entries 


Code 


Index 


END bit 


2^ 


0 


0 


0 


0 


10XX 


1 


0 


4 


llOxxx 


2 


1 


8 


lllxxx 


3 








4 








5 








6 








7 







The hyphens mdicate that those table entries are 
not used to decode this code. Note that the svmbol 
1 1 Ixxx has three x-bits because of the value of 2^ in 
Index 2: it is not based on the 2^ value m Index 3. 

SHORT mode and END mode can be invoked 
simultaneously, resulting m a code such as: 

Ox 
lOx 
llOx 
lllx 
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SHORT mode provides a value of 2^ equal tc 2 (for 
one x-bii in each symbol). The END bit is set for 
Index = 2. 

The Stausucal Decoder can read packed binax>* 
fields, "With one to seven bits per field, by; 

• setting the END bit in Index 0, and 

• programming the x value to be \- 1 . where N is 
the number of bits per field. 

For example, packed three-bit fields could be 
decoded as shown in Table 3-16. 



Table 3-16. Packed 3-bit Field Decoded Values 





Tabis Entries 


Code 


Index 


END bft 




Oxx 


0 


1 


4 fN « 3 so X « 2^ 


Ixx 


1 








2 








3 








4 








S 








6 








7 







The order of the unpacked bits is the reverse of the 
order in the SFB. For example, if three-bit values 
are packed in the SFB, the pattern 1 10 in the SFB is 
read from nght to left and gives an unpacked or 
decoded value of 3. 



3.12,2 Statistical Decoder Control Register 

Table 3-17 describes the Stausucal Decoder Control 
Register (star-c), which specifies the decoding mode 
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as well as modes for reading and wnung the code 
descnpuon table. 

Table 3-17. Statistical Decoder Control Register 



Mnemonic: stwt< Address: Core Register' 

Access: R/W Reset State: Not avai^abte. 



Bit No. 


IS 


14 


13 


i2-« i 


Name 


POL 


RSVD 


CB 


SVAL j 



* S«e Section 3 15 tor core register addresses. 



BttNo. 


7 ! 6 


S 


4 


3 


2-0 


Name 


SHORT 1 END 


THST 


WRITE 


RSVO' 


STNCX 



STNDX (Starting Index, bits 2-0). These bits specii\' 
the starting index value of the code description 
table. The table access begins at this value. 

WRITE (bit 4) and TEST (bit 5). These bits control 
reads and writes to the code description table, as 
shown m Table 3-18. 



Table 3-18. Control Bits for the Code Description Table. 



TEST 


WRffE 


Function 


0 


0 


After wrmng new values to the code 
descnpoon table, dea; WRITE and 
TEST to activate the new values 


0 


1 


Enables a wnte to the code 
descnpuon tabte 


1 


0 


Enables a read of the code desatpaon 
table 


1 


1 


Reserved 



END (bu 6) . Setting this bit invokes END mode. 
The 'IV'O' trailing the run-in sequence is dropped 
frotD the code. 



3-31 



82750PD Core Architecture 



SHORT (bit 7). Setting this bit invokes SHORT 
mode. The values of 2^ are the same for even* zniry 
in the code descnpuon table. 



3.12.3 Writing and Reading the Code Description Table 



1. Set the WRITE bit (bit 4) to enable w-ntes to 
the table. 



3. Wnte the table entiy to the scar-ram register. 
Each 8-bit entiy consists of the END bit in bit 
7 and the i-alue of 2^ in bits 6-0. Each wnie 
to stax-ram mcrements the index by one. The 
index wraps around from seven to zero. 



SVAL (Shon Value, bits 12-SI If the SHORT bit is ^ 
set. these bits specify- the value of 2-^ that is used in 
the code descnpuon table m SHORT mode. 

CB (Circular Buffer, bit 13) Setting this bit enables ^ 
the creation of circular buffers of size 64 Kbvtes. 125 
Kbytes, or 256 Kbytes. Table 3-7 shows the sizes P 
specified by the circbuf register. 

POL (Polarity, bit 15). This bit specifies the polant\- g 
of the bits m the run-in sequence. 



E 



To write to the code description table, execute the ^ 
follDunng sequence: 



2. Set up a pomter to pomtto the table mdex 

where you want to wnte. C 



E 
C 

To read the code description table, execute the 
foDowing sequence. 

1. Set the TEST bit (bit4) of the c-scar register. 

2. Read the table entries from the decoder's Data 
Register (•star). Reads and wntes always start 
at table entrv zero. 



E 
C 



NGTE: i 
WTien reading the code desaiptiDn cable, u 
is necessary to wait one instruction time 
between the write to stax-c and the first 
read from the 'scat register, 

The example below illustrates the insemon of one 
instrucDon tune in the code for reading the table 
entries in the first eight locaaons of data RAM. 

dram3 = 0 stat-c = 0x20 
cm = 8 
LOOP: 

•dram3-*"»- « 'stat cnt- 
jcp LOOP 

Setting the END bit (bit 6) in stat-c enables END 
mode. Setting the SHORT bit enables SHORT mode. 
When the decoder is in SHORT mode, the five SVAL 
bits (bits 12-8) in the CONTROL register are the 
value of 2^ to be used in all table entnes. 

The POL bit (bit 15) deternunes the polarity of the 
bits m the run-in sequence . Setting POL selects a 
run-in sequence of 'I's endmg m '0* (e.g.. 1 1 lOxxx). 
Clearing POL selects a run-in sequence of 'O's 
ending m '1' (e.g.. OOOlxxx). 

To set up a circular buffer m the SFB, set the CB bit 
(bit 13). Then, bits 2-0 of the circular buffer register 
detennme the buffer size (as shown m Table 3-7) 
and the external address pin that is forced to *0'. 
(Register pointer- ^ unchanged.). 

The decoding parameters can be changed between 
symbols by wnting to the stac-c register and. if 
necessary, writing new values into the code 
description table. The procedure for changmg the 
code type or decode mode is to read the last value 
from the decoder pnor to the change using •star^f 
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instead of 'star. This keeps the decoder from 
automaacally starting to decode the next s>'inboL A: 
this point, the code descnpuon table and the 
SHORT and END mode bits can be changed as 
desired. The next time the scar-c register is \^Titten 
with both TEST = 0 and WRITE = 0. the decoder 
begins to decode the next symbol using the nev.- 
parameters. 

The Statistical Decoder buffers one quad word that 
is read over the 82750PD internal bus. As a result, 
the decoding of bits in one 32-bit word and the fetch 
of the next 32 -bit word may overlap. As ^^-lth the 
core FIFOs, the decoder has an associated SFB 
pomter that points to the locauon in the SFB from 
which it is reading data. This pointer increments 
twice each time a new quad word is read; there is no 
decrement mode. When the least significant word of 
the decoder's pointer {staz-lo) is written, any data 
that had previously been prefetched over the 
82750PD internal bus is ignored, and the decoder 
fetches one quad word starting from this new- 
location. 

The 82750PD core assumes that the stausacally 
encoded bit-stream in the SFB starts vnxh the least 
significant bit of a double word. That is. the two 
LSBs of the address written to stort-lo are ignored. 

The StaUsUcal Decoder decodes data at a rate of one 
bit per clock cycle. To a first approximauon. the 
decode time for an N-bit symbol is: 

decode time = N + 1 (clock cycles) 

Since decoding data from one quad word takes at 
least 64 clock cycles, which is the time required for 
eight quad word reads over the 82750PD internal 
bus. the decoder should rarely run out of data. 
Therefore. the above estimate of the decodmg rate 
should be accurate. 
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The Staasacai Decoder always begins reading the 
bit-stream from the least significant bit of the dword 
at the startmg location in the SFB. That is. the 
decoder, unlike the core FIFOs, can stan only on a 
dword boundan\ The bit stream moves from the 
least significant bit to the most significant bit of a 
dword and then to the least significant bit of the 
next dword (at the next higher address locauonl. 
For the x-bits, the first x-bit read from the bu- 
stream becomes the most significant bit of the x-bit 
field when it is interpreted as a binary number. 

The example below shows a code definition, a bit- 
stream stored in the SFB, and the resulting decoded 
values. The code definiUon and the range of values 
for each symbol are indicated in Table 3-19. 



Table 3-19. SFB Bit-Stream Decode Values 



Symbol 


Values 


Comments 


0 






lOx 


1.2 


100« 1. 101 »2 


noxx 


3-6 


11000 . 3 11011 .6 


moxw 


7-14 


1110000 - 7 1110111 - 14 



Decoding starts at address 0 in this example. The 
double words at addresses 0 and 1 are: 

0: 0AC98E14Dh 
1: 0372E74CBh 

The bit-stream in the SFB, with colons dmdmg the 
symbols (read from nght to left startmg at LSB of 
address 0). is shown in Figure 3-4. Table 3-20 lists 
the symbols m the order they are encountered m the 
bit stream, and the corresponding decoded values. 
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Pead bttstream from LSB to MS8 



MSB 



LSB 



0 i:Oicn.oot ooi.ioocin.O'O.o o ioi.ooi 'c STcr 
i Rrst Oft of a symbol continued at LSS of next douoie woro 



1 O-OJJOm 0.0:^01 :n£On ) O lOOV :001G'1 



Figure 3-4. SFB Bit-Stream Decoding Addresses 



Table 3-20. Decoding Symbols 



Symbol 


Value 


Comments 


101 


2 


Starts at LSB Address 0 scanmna let: 


100 


1 




101 


2 




0 


0 




0 


0 




0 


0 




0 


0 




1110001 


8 




100 


1 




100 


1 




11010 


5 




1110100 


11 


Spaf« 1st and 2nd dword 


11001 


A 




0 


0 




1110011 


10 




101 


2 




0 


0 




0 


0 




1110110 


13 




• • • 


• • • 
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3.13 Pixel Interpolator 



The Pixel Interpolator performs a bilinear 
interpolation on four 8-bit pixels to generate, m 
effect, a pixel shifted by a fracuon of a pixel posiuon 
Figure 3-5 shows four pixels with values A. B. C. 
and D and the interpolated pixel with v-alue W. The 
horizontal and vertical weightings are h and v, 
respectively. The interpolated value, ignoring anv 
quantizauon effects, is then given by: 

W = A(1 .h)(1 -V) + Bh(1 - V) + C(1 - h)v + Dh V 

The values of h and v are even multiples of 1 / 16. In 
Figure 3-5 the horizontal weighting is 6/16 and the 
verucal weighting is 10/16. 
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Figure 3-5. Pixellnterpolation 
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The Pixel Interpolator can operate in two modes* 
Sequenual-2D and Random-2D. SequenuaJ-2D 
mode IS used for motion video decoding and when 
an array of pixels is interpolated with a common 
weightmg. Random-2D mode is used either when 
the pixel arrays to be mterpolated are not adjacent 
pixels m two rows or when the weight is changed for 
each mterpolauon. ("Random" is used here to mean 
non-sequential.) 



3.13.1 Sequential Interpolation 



Figure 3-6 illustrates SequenQal-2D interpolaaon. 
A smgle row of pixels (W. X, Y, Z. ...) is interpolated 
using two rows from the onginal (source) bitmap. 
The h and v weightmgs are constant for all of the 
interpolated pixels. 



B E F I . . , First Input row 

W X Y Z ... Interpolated row 
D G H K . . . Second input row 



Figure 3-6. SequentiaI-2D Pixel Interpolation 



Source pixels are written to the interpolator as pLxel 
pairs. In Figure 3-6, the pixel pair BA would be 
written first followed by the pixel pair DC. (It may 
seem more natural to refer to the pixel pair as AB, 
but because of the way 8-bit pixels are arranged m 
16-bit words in the SFB. the left-most pixel on the 
screen is in the least significant byte posiuon. For 
example, if pixel A had a hex value of OAAh, and B 
had a value of OBBh, the value of the 16-bit word 
containmg pixels A and B would be OBBAAh.) 
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The Pixel Interpolator is pipelined and requires a 
Startup sequence to fill the pipebne. Once filled, the 
interpolator generates a new interpolated pLxel even- 
two clock cycles in Sequenual-2D mode. 

After the pairs BA and DC have been w^ntten. r^-o 
pixels are read from the interpolator. Because the 
pipeline is not yet full, these pixels are read and 
discarded. This loop of writing two pixel pairs and 
reading two output pixels continues four tunes. The 
two pixels that arc read the fourth tune are the first 
two valid output pixels: W and X. The interpolator 
may also collect output (interpolated) pixels into a 
16-bit pixel pair XW. There are two possible phase 
relationships between the input pixel pairs and 
output pixels pairs (either X and W paired or Y and 
X paired). Either phase can be specified for the 
interpolator. 



3.13.2 Random Interpolation 

Random-2D interpolation is used either when the 
pixels to be interpolated are not in horizontal rows 
or when the weight is changed for each interpolated 
pixel. In Random-2D mode, the processing for 
successive interpolated pixels cannot take 
advantage of pipelining: each pixel is considered co 
be the first pixel in a Sequential-2D interpolauon. 
The weight and the two input pixel pairs are wntten 
into the interpolator. After waiting at least ten clock 
cycles (in standard mode) or six clock cycles (m fast 
mode), the single interpolated pixel can be read. 
Then, the next two input pixel pairs and. if 
necessary, the new weight value, are written. Ten 
clock cycles later the' next interpolated pixel can be 
read. 
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3.13.3 Pixel Interpolator Control 



Table 3-21 shows the Pixel Interpolator Control 
Register ipixint-c). Following paragraphs discuss the 
bit combmaaons for different modes of interpolauon. 

Table 3-21. Pixel Interpolator Control Register 



Mnemonic: pixint< 
Access: 



Bit No. 



15 



14 



13 



12 



Name RSVD PIPEUNING PHASE RSVD PAIRING RESET MODE SELECT 



Address: Core Register* 
Reset SUte: Not available. 



11 



10 



9-6 



See Secoon 3 15 for core register addresses 



Bit No. 


7^ 


3-0 


Name 


VERTICAL WEIGHT 


HORIZ WEIGHT 



HORIZ WEIGHT (Horizontal Weighting, h. bits 3-0), 
VERTICAL WEIGHT (Vertical Weighting, v, bits 7-4). 
These bits contain the horizontal and vertical 
weightings, expressed as the numerator of a fraction 
that is an even muluple of 1/16, Lc., h and v must 
be chosen from the following values: 0.246 
14. 

MODE SELECT (Mode Selecaon, bits 9-8). These 
bits select the operating mode, as shown in Table 3- 
22. Use the Random-2D mode if the pixels are not 
m honzontal rows or if the h and v weightings are 
not constant over all pixels. Use the Sequenaal-2D 
mode if the h and v weightings are constant for all 
interpolauons. 
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Table 3-22. Interpolator Mode Selection 



Bits 


Bits 


operating Mode 


0 


0 


Random- 2D 


0 


1 


Sequential' 20 


1 


0 


Reserved 


1 


1 


Resewed 



Note: The interpolator must be reset (set the RESET 
bit) when switching modes. 

RBSCT (Reset, bit 10). Setting this bit resets the 
Pixel Interpolator by flushii^ the source pacels 
stored in the interpolator. Set this bit when making 
a mode change (writing to the MODE SELECT bits.) 

PAnUNG (Pixel Pairing, bit 1 1). This bit determmes 
whether the mterpolator outputs a single pixel or a 
pair of pixels. 

1 =The interpolator outputs 16-bit pixel pairs 
comprising adjacent pixels, provided that the 
MODE SELECT bits select SequenUal-2D 
mode. When combined with the ALU's dual- 
add-with-saturate operation, this feature aids 
in motion video decoding by allowing two 
pixels to be processed durmg each cycle. 

0 = The Pixel Interpolator outputs individual 8-bit 

pixels. 

PHASE (Bitmap Phase, bit 13). This bit selects the 
phase (alignment) of the output pixel pairs relauve 
to the input pixel pairs, as shown in Figure 3-7. 
(Recall that the pixel on the left is the least 
significant pixel of a pair. For example, A is the 
least significant pixel of the pair BA. 

1 = Out of phase. The first pixel (W) is placed in 

the most significant byte of the first pixel pair: 
the least significant byte of the first pixel pair 
contains mvalid data. 
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0 = In phase. The first two output pLxels (\V and X: 
are grouped as one 16-bit pair ^ith the first 
pixel (W) in the least significant bue. 



This bit also affects the pipeline delav (see the 
PIPELLMNGbit). 



PHASER 1 










A B 


E 


F 


1 J 


1st row of Input pixel pain 


W X 


Y 


2 




Output ptxel pan 


C D 


G 


H 


K L 


2nd row of Inpur pocel pairs 


PHASE = 0 










A B 


E 


F 


1 J 


1sf row of Input pfacel pofrs 


W 


X 


Y 


Z 


- Output ptxei pairs 


C D 


G 


H 


K L 


2nd row of Input pDcet pairs 



Figure 3-7. Pixel Pair Phases 



PIPELINING. (Pipelining, bit 14). Setting this bit 
reduces the pipeline delay, which is determined bv 
this bit and the PPIASE bit, as showTi m Table 3-23. 

Setting the PIPELINING bit selects a faster mode, 
which has reduced pipeline delay compared to the 
standard pipelining mode (PIPELINING = 0). 
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Table 3-23. Pipeline Delay 



PIP£UN1NG 


PHASE 


Pipeline delay 


(bit 14) 


f bit 13) 


fin output pixels) 


0 


0 




0 


1 




1 


0 


2 


1 


1 


3 



Changing the PAIRING bit (bit 11) from '0' (single 
pixels) to 'r (pixel pairs) does not change the 
amount of pixel delay, but half as many reads and 
writes are required to fill the pipeline because each 
read or write transfers two pixels. For example, m 
standard mode (PIPELINING = 0), with zero phase 
(PHASE = 0) and pair mode (PAIRING = 1). three 
indeterminate pixel pairs must be read before the 
first valid pixel pair is read. In the same case, but 
with the Phase bit = 1» the fourth pixel pair read 
contains one valid pixel and one indeterminate pixel, 
and the fifth pixel pair read contains two valid 
pixels. 



3.14 Control, Status, and interrupt Flag Registers 

Three 82750PD core registers control and momtor 
the 82750PD interrupt and other core operauons. 

The 82750PD has four interrupt sources, which 
share a smgle interrupt line to the host CPU. Any 
one of the four sources (if enabled) can assert the 
single 82750PD interrupt. For convenience, we refer 
to the four mterrupt sources as the four "82750PD 
interrupts." with the understanding that these are 
combined to form the single mterrupt to the host. 

In addiUon to the four 82750PD interrupts descnbed 
in this secuon. there are meta-inteTrupis associated 
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with the SynchroLink. Meta-intemipts are 
described in Secuon 6.5. Secuon 5.7 describes the 
combined interrupt and mcta-intemjpt s>'stem and 
gives a procedure for setting up the 82750PD 
interrupt to the host. 

This secuon descnbes the following three core 
registers: 

• The Core Control Register {cconvoL W/0) has 
bits for enabling the four 82750PD interrupts 
and bits to control other aspects of core 
operation. 

• The Core Interrupt Flag Register [cintflag, R/0) 
has bits that indicate which interrupts are 
asserted. 

• The Core Sutus Register (cscarus. R/0) has 
bits that reflect the states of the interrupt 
enabling bits in the ccorwol register and other 
status bits. 

The next three subsections cover these registers 
individually. Section 3.14.4 discusses the four 
82750PD interrupts and the funcUons of the 
registers in the interrupt system. 



1= 



3.14.1 Core Control Register 



Table 3-24 shows the Core Control Register 
[ccorUToti, This write-only register has bits that 
control the operauon of the core and bits that enable 
the 82750PD interrupt sources. Setting an enable 
bit U_E) enables the corresponding interrupt 
condiUon to assen the 82750PD interrupt. Secuon 
3.14.4 describes the individual interrupt sources. 
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Table 3-24. Core Control Register 



Mntmonic: ccontroi Byte Offset: 100 h 
Acxess: W/Q Reset State: 01 h 



Bit No. 


15 


U 


13 


12 




Kame 


CORE_EN 


RSVD 


PM0N/FR2 


r 


RSVD 



Bit No. 


7 


6 1 


5-4 


3 


2 ' ^ 1 C 


Name 


EFLE 


OFI_E 1 


RSVD 


VBLE 


MCINT_c 1 STEP ; HAlT 



' Bit 1 2 must be set when writng to this register 



HALT (Halt, bit 0). 
STEP (Step, bit 1), 

The combined values of the HALT and STEP bits 
command the core to run normally, to execute a 
Single instrucuon, or to halt, as shown in Table 3- 
25. (Note that the CORE.EN bit must be set for the 
core to fimction in any of these modes.) 



Table 3-25. Run, Step, and Halt Modes. 



HALT 


STEP 


Mode 


0 


0 


Cone runs ^orma^^ 


0 


1 


Core njns nonnally 


1 


0 


Core hatts 


1 


1 


Core executes one instruction 
and then haJts 



MCINT^E (Microcode Interrupt Enable, bit 2). 
VBI.E (Vertical Blankmg Interrupt Enable, bit 3). 
Ori_E(Odd Field Interrupt Enable, bit 6). 
EFI.E (Even Field Interrupt Enable, bit 7). 
Setting one of these bits enables the corresponding 
interrupt condition to assert the 82750PD interrupt. 
Only one enable bit of VBI_E. OPI.E. and EFI.E 
should be set at a time. Section 3.14.4 has a further 
discussion of these bits. 
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PMON/FRZ (Performance Monitor/Freeze, bit 131. 
This bit detennmes which output signal is on the 
PMFRZ# pm. This bit is funcuonal only for ISA and 
PCI buses. 

1 = Output signal FR2# is on PMFRZ# pm. 

0 = Output signal PMON# is on PMFRZp pin. 

CORE.EN (Core Enable, bit 15). This bit must be 
set to enable the core to nin m any of the modes as 
determined by the HALT and STEP bits. 



3.14.2 Core Interrupt Flag Register 

The Core Interrupt Flag Register [dntflag) has a flag 
bit for each of the four interrupt sources m the 
82750PD core (see Table 3-26). A flag bit is set 
when the interrupt condition is detected (regardless 
of the state of the corresponding interrupt Enable bit 
in the cconrrol register). Readmg the dntflag register 
clears all of the flags. If the cin^lag register is read 
and an interrupt condition is detected during the 
same c\xle, the flag bit corresponding to that 
interrupt condition is set. This new interrupt 
condition is then seen by the host processor when it 
next reads the cinr/log register. The flag ensures 
that an interrupt condition is not lost if it occurs at 
the same cycle that the dntflag register is read (and 
reset). In addition, the microcode interrupt source 
has an overflow flag (MCINTO.F) that is set if more 
than one microcode interrupt condition has 
occurred since the dntflag register was last read. 
Further descnptions of these bits are m Secuon 
3.14.4. 
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Table 3-26. Core Interrupt Flag Register 



Mnemonic: ctntfiag Byte Offset: lOOh 

Access: R/O ; Reset SUte: iFFh 



Bit No. 


IS 1 14 1 13 1 12 1 11 1 10 1 9 i 8 


Name 


RSVD VBI.F MCINT^F RSVD | MCINTO_F OFI^F | Ef\_r \ RSVD 




Bit No. 


7—0 


Name 


RSVD 



MCINT.F (Microcode Interrupt Flag, bit 13). 

VBI_F (Vertical Blanking Interrupt Flag, bit 14). 

OFI_F(Odd Field Interrupt Flag, bit 10). 

EFI.F (Even Field Interrupt Flag, bit 9). 

Any bit in this group is set when its corresponding 

interrupt condition is detected, regardless of the 

state of the enable bit in the cconcrof register. 



3.14.3 Core Status Register 

The 82750PD Core Status Register (csrams) prondes 
status informauon on the 82750PD core (see Table 
3-27). Four of the bits (MCINT.S. VBI^S. OF_S. and 
EF_S) reflect the vaJues of the corresponding cconn-ol 
register bits that enable the interrupt sources. Note, 
however that the bit positions and bit ordering are 
not the same as in the ccontroL register. 
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Table 3-27. Core Status Register 



Mnemonic: estatus 








Byte onset: 102 
Reset State :lFFh 


Bit Ho. 


15 1 14 


13-12 


n 


10 1 « 


Name 


ER_S 1 0F1_S 


RSVD 


VBI. 


_S 


MCINT.S 1 RSVD 




Bit No. 


7-3 


2 1 1 ' 0 


Name 


RSVD 


PMON 1 FREEZE ' HALT_S 



HALT.S {Halt Status, bit 0). This bit is set when the 
processor is halted due to at least one of the 
following conditions: 

• The HALT bit in the ccorwol register is set. 

• The HALT bit in the INT CFG register is set (see 
Secuon 5.8). 

• The HALT# pin is asserted. 

FREEZE (Freeze, bit 1). This bit is set when the 
processor is waiting for at least one of the following: 

• The StaUsUcal Decoder. 

• Data to be fetched from the SFB for an input 
FIFO. 

• Data from an output FIFO to be wntten to the 
SFB. 

PMON (Performance Monitor, bit 2). This bit. which 
can be toggled by the ALU "performance monitor" 
operation, can be used to moriitor microcode 
performance. 

Bits 3-9. Reserved. 
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MCINT^S (Microcode Interrupt Status, bit 101. 
VBI_S (Vertical Blanking Interrupt Status, bit 111. 
OFL S (Odd Field Interrupt Status, bit 14), 
EFI.S (Even Field Interrupt Status, bit 15). 
Each of these bits reflects the state of its 
corresponding bit in the ccontrol register. Note thai 
the corresponding bits in cconvol have different bit 
numbers. 



3,14,4 Summary of Interrupt Bits 

Table 3-28 lists the four 82750PD interrupt 
conditions, the bit name prefixes for the interrupt 
condiUons, and the bit numbers in the cintflag, 
ccoTWol and cstatus registers. 

Hardware sets a flag bit in the cintflag register upon 
detection of the corresponding interrupt condition. 
Software sets an enable bit in the ccontrol register to 
enable the corresponding interrupt condition to 
actually assert the 82750PD interrupt. Only one of 
the VBUS code interrupts (VBI, OFI, EFI) should be 
enabled at a time. 

Hardware sets a status bit in the cstoms register 
when the corresponding bit in the ccoricrol register is 
set by software. (Note that the control, status, and 
flag bits for a specific interrupt are in different bit 
posiuons in the three registers.) 
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Interrupt Condition 


Bit Prefix 


Flag* 

Bit No. in 
cintifag 


Enable" 

Bit No. in 
ccontroi 


Status'*' 

Bit No. in 
cstatus 


Microcode Interrupt. The MCI NT 
interrupi is generaiBo oy me 
Interrupt Hosf ALU operation 


MCINT 


13 i Z 

1 


1C 


Vertical Blanking interrupt. The 
VB) interrupt e generated upon 
detecton of either a VODD or a 
VEVEN VBUS code 


V6I 


U 1 3 

t 
( 

! 


11 


Odd Field Interrupt; The OFi 
interrupt is generated upon 
detection of a VOOO VBUS 
code 


OFI 


10 


6 


u 


Even Field Interojpt: The EFl 
mtemjpt is generated upon the 
detection of a VEVEN VBUS 


EFl 


9 


7 


1C 



* Hardware sets this brt when an interrupt condition s detected. 

- Setang this bit enables an interrupt condition to interrupt the host CPU 

•** This brt reflects the state of the corresponding event m the ccontroi register 



3.15 Host Access to the Core Registers 

This section describes how the host computer 
accesses the core registers. The host accesses the 
core registers at addresses OOFEOOOOh— OOFEFFFFh 
in the 82750PD memory address space, as descnbed 
in Section 2.5. Note that the 82750PD core can 
access these registers only in microcode. The access 
information in this section does not apply to the 
core. 

Table 3-29 lists the core register addresses in terms 
of offsets from the base address for host accesses to 
the core. The base address is OOFEOOOOh. 
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0BI 



Table 3-29. Host Address Mapping of the Core Registers 



Bvte Address' 1 Rtqtster Cateqorv 


(A) OOOh— 07Eh 


A bus source and destination reatsters 


fb^ 080n-OFEh 


6 bus source and destmaton rearsters 


(c\ tOOh— 17Eh 


Microcode orocessor status and control reatsters 


i6) I80h— iFEh 


SFB Dointer tocaoons in RAM 



' Offsets from the base address OOFE OOOOh 



NOTE: 

The host may address the core registers 
using word-aligned word accesses only. 
Sofixvare is responsible for enforcing this 
resvricviDn. 



When the host CPU accesses areas (a), (b). or (d) in 
Table 3-29, and the 82750PD is not already in a Halt 
state, the 82750PD automatically halts for the one 
clock cycle actually required to complete the data 
transfer. The 82750PD then restarts. If the 
82750PD is in a Halt state when the host access is 
initiated, it remains in the Halt state following the 
access. This is transparent to both the host and the 
microcode processor. 

During an access to areas (a) or (b). bits 6-1 of the 
byte offset should contain the source or destinauon 
byte address for the register to be accessed. Bu 0 is 
always clear. The source/destmauon addresses are 
given m Tables 3-30 and 3-31. 

Table 3-32 lists the byte addresses for the SFB 
pomters. 
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Table 3-30. 827S0PD A Bus Source/Destination Address 



Address 

(Hex) 


AOST 

; ' 


ASRC 




Address 
(Hex) 


ADST 


ASRC 


OOOh 


nut 






040h 


•outi 


'ml 


002h 




hwid 




042h 


outi — 


•ir;2 


004h 




cc 




044h 


shift-r 


■s'*at 


006h 


maddr 






046h 


outi-ni 




008h 




ahj 




048h 


•out2 i 


00 Ah 


cni 


cnt 




04Ah 


out2— 1 


OOCh 


cnt2 


cnt2 




04Ch 


shift-r 1 


00 Eh 


lent 


lent 




04Eh 


out2-hi I 


010H 


rO 


rO 




050h 


outl-c 




012h 


rl 


n 




052h 


ml-c 




014h 


f2 


r2 




054h 


stiiM 




016h 


r3 


r3 




056h 


ml-hi 




018h 


r4 


r4 




osah 


out2-c 




OlAh 


r5 


rS 




OSAh 


in<-c 




01 Ch 


f€ 


f6 




05Ch 






01 Eh 


r7 


r7 




OSEh 


in2-hi 




020H 


moode3 


moodeS 




OGOh 


r8 


r8 


022h 


moode2 


mcode2 




062h 


r9 


r9 


024h 


mcodel 


mcodel 




064h 


MO 


no 


026h 


PC 


PC 




066h 


Ml 


ni 


C28h 


pixint-c 






066h 


M2 


rl2 


02Ah 


ptnnt 


pixint 




06 Ah 


rl3 


fl3 


02Ch 


•drami 


'drami 




06Ch 


r14 


rU 


uccn 


'dr3ni2 


uram& 




06 ch 


r15 


rl5 


030h 


•dramu* 


'dramU* 




o7ori 


cc 


shin 


032h 




■dram2'»-* 




072h 


fcnt 


fen! 


034h 


•drami- 


•drami- 




074h 


•dram3 


'dram3 


036h 


'dfam2" 


•dram2" 




076h 


'dram4 


'dram4 


038h 


draml 


draml 




078h 


'dram3** 


'dramS— 


03Ah 


dram2 


dram2 




07Ah 


"dram4** 


'dram4« 


03Ch 


drama 


dram3 




07Ch 


'dram3-. 


'dramS- 


03Eh 


dram4 


dram4 




07Eh 


•dfam4" 


■dram4-- 
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Table 3*31. 82750PD B Bus Source/Destination Address 



Address 

(Hex) 


BOST 


BSRC 




Address 

(Hex) 


BDST 


6SRC 


OBOh 


nut 






OCOh 


•outl 




OSZ\ 




alu 




0C2ti 


outi — 




084h 


*dram3 


"drama 




0C4h 


outvio 


outvie 


086h 


'dram4 


•dram4 




0C6h 


outl -hi 


out'-ht 


088h 




•drani3'** 




0C8h 


'out2 


staM: 


08Ah 


"dram4*. 


•dram4** 




OCAh 


out2— 




08Ch 


•dram3- 


•dram3-- 




OCCh 


out2-to 


0Ut2-iC 


08Eh' 


'dfam4- 


•dram4" 




OCeh 


outZ'hx 


out2*h. 


090H 


rO 


fO 




ooon 


Otitl-C 


outl-c 


092h 


f1 


n 




002h 


ml-c 


im-c 


Od4h 


r2 


t2 




004h 


inl-lo 


ml -to 


096h 


f3 


r3 




006h 




ml -hi 


098h 


r4 


r4 




ODSh 


QU12-C 


out2-c 


09Ah 


rt 


f5 




ODAh 


in2-c 


in2-c 


09Ch 


r6 


r6 




ODCh 


in2-lo 


m2-1c 


09£h 


r7 


r7 




ODEh 


in2-hi 


(n2.hi 


OAOH 


r8 


"ml 




OEOh 


stat-ram 


r8 


0A2h 


r9 


•in2 




0E2ti 


stat-c 


f9 


0A4h 


flO 


'Stat 




0E4h 


stat-to 


MO 


0A6h 


f11 


*stam 




oesh 


stat-hi 




0A8h 


r12 


arcbuf 






yevervlo 


nz 


OAAh 


f13 






OEAh 


yeven-nj 


n3 


OACh 


f14 






OECh 


yodd-lo 


rU 


OAEh 


rIS 






OEEh 


yodd-hi 


ns 


OSOh 


arcbuf 


literal 0 




OFOh 


ypitch 


shift 


0B2h 




literal 1 




0F2h 




stat-c 


0B4h 


'dfami 


literal 2 




0P4h 


vu-lo 


•flrafTii 


0B6h 


'dram2 


literal 3 




0F6h 


vu-hi 


'dram2 


OBSh 


•drami** 


literal 4 




0F8h 


vupttch 


•drami*- 


OBAh 


•drama-.-^ 


literals 




OFAh 


vpitch 


'dram2*-^ 


OBCh 


*draml- 


literate 




OFCh 


vptr-lo 


*draml" 


OBEh 


•dram2- 


literal? 




OFEh 


vptr-hi 


'dfam2-- 
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Table 3-32. SFB Pointer Addresses 



Byte 
Address 


Mnemonic 


Description 


180 
182 




Reserved 


I84h 
186h 


OUtI -10 

outl-hi 


Output FlPO 1 Pointer 


188h 
t8Ah 




Reserved 


l8Ch 
l8Eh 


out2-lo 
out2-h) 


Output FIFO 2 Pointer 


190ri 
192h 




Reserved 


1d4h 
I96h 


inHo 
tn 1 -hi 


Input FIFO 1 Pointer 


198ri 
19A 




Reserved 


19Ch 
19Eh 


rn2-lo 
in2-hi 


Input FIFO 2 Pointer 


1A2h 




Resenred 


1A4h 
1A6h 


staMo 
stat-hi 


Working Copy of StattsTicai Decoder Pornter 


OlSAh— 
OlBEh 




Reserved 



Area (c) in Table 3-29 contains three registers: the 
Core Control Register [ccontroQ, the Core Interrupt 
Flag Register [dnrflag], and the Core Status Register 
[cstarus], which are described in Section 3.14. Table 
3-33 lists the byte offsets for these registers. 
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Table 3-33. Byte Offsets for the Area-c Registers 



Byte Offset tor 
Host Access 


Register 


lOOh fWRiTc^ 


Core Controt Reaister i cconrroA 


lOOh (READl 


Core tnterruot Raa Reaister t anrfiac' 


102h 


Core Status Reaister icsiaws' 



Chapter 4 

Microcode Instruction Format 



1 

4.1 Overview 



The e2750PD core executes instrucuons from 
microcode RAM (MRAM), which stores 512 4S-bii 
instructions. This chapter descnbes the execuaon 
sequence and the format of the microcode 
instructions. For a more extensive guide to 
microcode programming, see i750 Pixel Processor 
Microcode Development Tools User's Guide, Intel 
Corporauon, 1993 (Order Number: 485407-001). 



4,2 Instruction Sequencing 

Figure 4-1 shows the format of a microcode 
instruction. 



47 


a 


4$ 


44 


43 43 41 40 


» it 


r it K 


)4 U 


32 


LC 






ALUSS 


UT 


CNT 


SOST 




30 


i* 


u 


r » 15 14 


» 22 


2t 20 i« 


U 




Ken.) 




AOST 


ASRC 


IS 


u 


15 




'1 1C 1 


« 


T « 




% 


4 


3 2 


; 0 




CFSEL 


MAOOR 



Figure 4*1. Microcode Instruction Format 



The bits m the NADDR field deteimme the address 
of the next instrucuon to be executed. The upper 
eight bits of the field specify a pair of instrucuons: 
an odd-address mstrucuon and an even-address 
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instrucuon. Each instrucaon fetch reads boih 
instrucuons of this pair. One of these is the ne.vi 
instrucuon to be executed. This selection is 
descnbed in the next two sections, which descnbe 
the \ADDR and CFSEL fields. 



4.3 Instruction Word Field Descriptions 

The subsections to follow descnbe the fields of a 
microcode instrucuon. 



4.3.1 NADDR Next Instruction Address Field 



The Next Instrucuon Address field (NADDR, bits 8-01 
holds the address of the next instrucuon to be 
executed, A zero-delay, two-way branch can be 
achieved by taking advantage of the physical 
organizauon of the microcode RAM, which is 96 bits 
wide (the width of two instrucuon words) by 256 
deep. An instrucuon read cycle fetches a pair of 
instrucuon words, one with the even-address and 
the other with the odd address. The next 
instrucuon to be executed (the even-address 
instrucuon or the odd-address instrucuon) is 
determined by the LSB of the NADDR field of the 
current instrucuon and the state of the condmon 
flag. This selecUon is described in the following 
secuon on the CFSEL field. 

An instrucuon that writes to the program counter 
(pc) is the only type of instrucuon for which the 
NADDR field does not determne the next instrucuon 
to be executed. 

When an instrucuon (Instrucuon A) loads the pc. a 
one-instrucUon delay occurs before the load takes 
effect. Therefore, the instrucuon that follows the 
wnte to the pc (Instrucuon B) is alvrays executed. 



Microcode Instruction Format 



' However, the processor ignores the NADDR field of 
Instrucuon B and jumps to the address in the pc. 
Table 4-1 shows an example. Note that the 
instrucuon followmg a PC load is always executed, 
even if the processor is in Step mode or if the 
processor is frozen on that instrucaon. Another 
example of VrTitmg to the pc register is show,-n in 
Appendix C, 



Table 4-1 . PC Load Example 



Address 


Instruction 


NADDR 


Comments 


10 


DC « 0 


55 


Load PC with zero 


55 


rtJ- 1 


X 


Thts instrucoon is executed but 
Its next address field is ignored 


0 


r1wfO 


25 


PC toad taKes effect after a one- 
instruction delay, the result is that 

r1 m/Om\. 



4.3,2 CFSEL - Condition Flag Select Field 

The eight most significant bits of the NADDR field 
specify an odd-even instrucuon pair. The LSB of the 
NADDR field and the CondiUon Flag Select field 
(CFSEL, bits 1 1-9) select the next instrucaon from 
this odd-even pair. 

The CFSEL field selects the condition flag. Table 4-1 
lists the condition flag selected for each value m the 
CFSEL field. These flags are bits in the ALU 
Condition Code Register (cc see Section 3.3). A 
condition flag value is TOUE (T) or FALSE {'0'). 
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Table 4-2. Condition Flag Select Field Assignments 



Value 


Flaq 


Description 


000 


FALSE 


Select this flaa for an Unconamonal Brancn 


001 


CARRY 


Carrv Out from ALU Condttion Fiaa La:cr 


010 


ALU OVF 


Overtlow from ALU Conoitjon Ftaa Latch 


oil 


ALU SIGN 


Sian from ALU Condition Fiaa Later 


100 


ALU ZERO 


Zero from ALU Condition Fiao Later 


101 


LCNTZ 


TRUE if Selected Looo Counter . o 


no 


LSB 


LSB of Data Reotster ro 


in 


MSB 


MSB or Data Reoister /t7 



note: I 

The ALU condmonjlags (CARRY, OVF. ' 
SIGN, and ZERO) are hatched in the ALU 
Condition Flag register. This register is 
updated for most (but not aW ALU 
operations. The remaining Jlags (LCiVTZ, 
LSB, and MSB) are updated and hatched 
each cwcig. 

CFSEL = '000' selects the uncondiUonaJ branch flag. 
The name of the flag is FALSE because its state is ^ 
always 'O*. The states of the other flags can be '0' 
(FALSE) or T (TRUE). 

Table 4-3 shows how the next instrucuon is chosen 
from the condiUon flag state and the LSB of the 
NADDR field in the current mstrucuon. 



Table 4-3. Microcode Next Instruction Selection 



LSB ot Address 


Condition Flag State 


Next Instruction 


0 


0 (FALSE) 


EVEN 


c 


1 (TRUE) 


EVEN 


1 


0 (FALSE) 


ODD 


1 


1 (TRUE) 


EVEN 
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For an uncondiaonal branch {CFSEL = 000). rht 
FALSE condiuon flag (which is always zero! is 
selected: this leaves the LSB of the address to 
determine the next instrucuon: for LSB = 0 the 
EVEN instrucuon is selected, and for LSB = 1 the 
ODD instrucuon is selected. This allows 
unconditional branching to any of the 512 
instxucuons in the microcode RAM. 

For a condiUonal branch (CFSEL ^ OOOi the LSB of 
the address in NADDR is set. In this case (the last 
two entries in Table 4-3) the state of the condiuon 
flag selects the next mstruction: FALSE selects the 
ODD instrucuon: TRUE selects the EVEN 
instrucuon. Therefore, a condiUonal branch jumps 
to cither the odd or even instrucuon of an odd/even 
pair, depending on the state of the condiuon flag. 



4.3.3 ASRC - A Bus Source Select Field 



The A Bus Source Select field (ASRC, bits lB-12) 
selects the unit within the 82750PD core that dnves 
its data onto the A bus during the cxecuuon of this 
instrucuon. The mapping for this and the follov,ing 
three fields is provided in Table 4-4. 
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Table 4-4. 82750PD Core Source/Destination Coding 



Address (Hex) | 


BDST 1 


BSRC 


AOST 


ASRC 


OOh 1 


nui 1 




nui 1 


Olh 1 


1 


aiu 


1 


02J1 


'drama 1 


•dram3 


i cc 


Q3h 


'dram4 


*dram4 


mador | 


04h 


•dramS— 


'dram3** 


i aiL 


05h 




'dramA** 


cnt ! 


cn' 


06h 


•dramS- 


•dram3- 


cnt2 


cnt2 


07h 


"dram4" 


'dram4" 


lent 


icr: 


oar. 


rO 


fO 


rO 


fO 


09h 


f1 


r1 


r1 


rl 


OAh 


r2 


f2 


t2 


r2 


oxBh 


f3 


r3 


r3 


r3 


OCh 


r4 


r4 


f4 


r4 


ODh 


rS 


r5 


r5 


r5 


oeh 


f6 


r6 


r6 


f€ 




f7 


r7 


r7 




OlOti 


r8 


•ml 


mcode3 


nncooe3 


01 1h 


f9 


'in2 


moodeZ 


mcode2 


olsn 


no 


'Stat 


mcodel 


mcodel 


oi3n 


r1l 




PC 


oc 


014h 


rl2 


orcbuf 


pixmt-c 




Ol5h 


rl3 




pinnt 


piwnt 


016h 


r14 




"drami 


'drami 


017h 


rl5 




■dram2 


•dram2 


0l8h 


arc&ut 


literal 0 


'dramu* 


•drami*- 


019n 




literal 1 


"dram2+* 


•dram2*- 


01A^ 


•drami 


literals 


'drami- 


'drami- 


OlBti 


•dram2 


(itsraf 3 


'dfam2~ 


'dram2- 


O^Ch 


•dramt — 


Itcefai4 


dranil 


drami 


oion 


•dfam2*- 


bteraiS 


dram2 


1 oram2 


01 Eh 


•drami- 


literaie 


dram3 


1 dram3 


OlRi 


•dram2" 


literal 7 


dram4 


1 dram4 


020h 


•outl 


prol 


'outl 


1 "ml 
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Table 4-5. 82750PD Source/Destination Coding (Con't.). 



Address (Hex) | BOST 


BSRC 1 AOST 1 ASRr 


021 1 outi-. 




outi— 1 ',n2 


022 


cutl-to 


outl-lo 


shtft-fi j 'sta: 


023 


ouil-hi 


outi-hi 


OUtl-hl 


'statsiF 


024 


'out2 1 stat-lo 


"out2 




025 


outa*- 


stat-hi 


out2— 




0X26 


out2-to 


out2-to 


shift-r 





0x27 


oul2-hi 


oui2-hi 


out2-hi 




0X28 


outl-c 


outl-c 


outi-c 




029 


inl-c 


tnl-c 


ini«c 




02A 


ini-lo 


tni-Jo 


shrft'l 




02B 


ml -hi 


inl^t 


in 1 -hi 




02C 1 out2-c 


out2>c 


out2-c 




02D 


in2-c 


tnZ'C 


in2"C 




02E 


rn2-lo 


in2-lo 






02F 


in2-hi 


in2-hj 






030 


stat-ram 


r8 


f8 




031 


stat-c 


r9 


r9 


r9 


032 


stat*to 


no 


no 


rIO 


033 


stat-hi 


m 


r1 1 


r1 1 


034 


yevervio 


r12 


n2 


f12 


035 


yeven-ht 


r13 


ns 


ns 


036 


yodd-lo 


f14 


n4 


r14 


037 


yodd-hi 


r15 


rl5 


r15 


038 


ypttch 


shift 


cc 


shift 


03S 




stat-c 


font 


fcnt 


03A 


vu-lo 


•draml 


•dram3 


'drams 


03B 


vu-hi 


'drani2 


*dram4 


'drarT^4 


03C 


vupitch 


'draml** 


•dram3^ 


•dram3** 


03D 


vpiich 


'dram2'«-^ 






03E 


vptr-to 


•drami" 


'dram3- 


'dramS- 


03F 


vptr-hi 


*dram2" 


•dram4" 
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4.3.4 ADST - A Bus Destination Select Field 



The A Bus Destinauon Select field (ADST. bits 23- 
18) selects the element that latches data from the A 
bus during the execution of this instrucuon. See 
ASRC above and Table4-4. 



4.3.5 BSRC - B Bus Source Select Field 



The B Bus Source Select field (BSRC, bus 29-241 
selects the unit within the 82750PD core that dnves 
its data onto the B bus dunng the cxecuuon of this 
instrucuon (see Table 4-4). 



4.3,6 BDST - B Bus Destination 



The B Bus Destination field (BDST, bits 35-30) 
selects the element that latches data from the B bus 
during the execution of this instrucuon. See BSRC 
above and Table 4-4, 



4.3.7 CNT - Decrement Loop Counter Bit 

Bit 36 of the instrucuon word is the Decrement Loop 
Counter bit (CNT). If the CNT bit is set, the selected 
Loop Counter [cnt or cnt2, as selected by the loop 
counter select bit, LC) is decremented. The new 
value of the loop counter and the updated LCNTZ 
condiUon flag are not ready until the next 
instrucuon cycle. Therefore, in a loop where the 
loop counter is decremented and tested for zero in 
the same instrucuon (typically in a one instrucuon 
loop), the start value for the loop counter should be 
one less than the number of times the loop is to be 
executed. 
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4>3,8 LIT - Literal Select Bit 



Bit 37 is the Literal Select bit (LIT). When the LIT bit 
IS set, the ASRC and CFSEL fields (bits 17-9) 
become a single 9-bit literal field. The value in this 
field is driven onto the least significant 9 bits of the 
A bus, and zeros are dnven onto the upper 7 bus of 
the A bus. Figure 4-2 shows how the bits from 
ASRC and CFSEL produce the bieral value on the A 
bus. 



k Bus. Bits 


15 U 13 12 11 


10 


9 


8 


7 6 


5 4 


3 2 10 


Bits Forced to *0' 


0 0 0 0 0 


0 


0 










ASRC Bits 








A 


A A 


A A 




CFSEL Bits 














C C C C 



Figure 4-2. Literal Field Mapping onto a Bus 



NOTE 

A condihonal branch and a Literal on the A 
bus are not allowed in the same instnicuon 
A 3'hit literal can be placed on the B bus m 
ani4 instructiPTL 

4.3.9 SHFT Shift Control Field 



The Shift Control field (SHFT. bits 46-45) controls 
the bit shifting and byte swappmg logic associated 
with the rO register. The encoding of this field is 
given in Table 4-6. 
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Table 4-6. SHIFT Control Field Coding 



SHFT 


Operation 


0 0 


No shift or swao operation 


0 1 


Shift fO naht 1 bit posmon sion extend 


1 0 


Shift rO left 1 bit position zero fill 


1 1 


Bvte swao the value beina loaded into rC 



Byte swapping only works when rO is the desttnation on the A 
bus or the 6 bus The bytes of the data being toadeo into rO 
are swapped, not the bytes of the data already tn tO In oroe^ 
to byte swap data already in register tC, tC must be both a 
source and desonanon for either the A or 8 bus 



4,3.10 ALUSS - ALU Source Select Bits 

The bits in the ALU Source Select field (ALUSS. 39- 
38) arc enable bits for the two ALU input latches 
connected to the A and B buses. Bit 39 enables the 
A bus latch: bit 38 enables the B-bus latch. A l* in 
either bit position causes the corresponding input 
latch to latch the 16-bit value on the bus to which it 
is connected (the A or B bus). A '0' in either bit 
causes the corresponding latch to hold its current 
content. This allows the ALU operands cither to 
come from "eavesdropping" on the A or B bus 
transfers occurring in the current instrucuon cycle 
or to be held for muluple instrucuon cycles in either 
the A or B input latch. 



4,3.11 ALUOP - ALU Operation Code Field 

The ALU Operation Code field (ALUOP, bits 44-40) 
specifies the ALU instruction to be performed dunng 
the current instrucuon cycle. The encodmg of this 
field is given m Table 4-7, and SecUon 3.3 discusses 
some of the opcodes. Normally, at the end of the 
instruction execution, the result of the ALU 
operauon is latched m the ALU output latch (the aiu 
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register). This latch can be a source for either the A 
bus or the B bus. However, if "no operauon" is 
selected for the ALU operation, the ALU output latch 
IS not latched into the aiu register: the data is held 
from the previous instrucuon. Two addiaonal ALU 
opcodes, "microcode interrupt" and "performance 
momtor," do not actually perform ALU operauons 
and. therefore, do not latch the ALU results. 



Table 4-7. ALU Operations 



Bit 
Coding 


Opfffition 




6H 
Coding 


Operation 


OOh 


No Operation 




OlOh 


a*b 


Olh 


Zero 




Ollh 


a-b 


02h 


Pass a 




012h 


-a^-b 


03h 


Passb 




013h 


2*5 Compiiment of a 


04h 


VsComDttment of a 




014h 


Zs Ccmoliment of b 


05h 


1 *s Complmnent of b 




015h 


Increment a 


06h 


aANDb 




016h 


Increment b 


07h 


(NOT a) ANOb 




Ol7h 


Decrement a 


08h 


a AND (NOTb) 




018h 


Decrement b 


09h 


a*b*l 




019h 


Interruot Host 


OAh 


aORb 




OlAh 


Performance Monitor 


oxBh 


/NOT al ORb 




OIBh 


Pass a Dont Latch Raas 


OCh 


a OR (NOT b) 




OlCh 


Pass b. Dont Latch Ftaas 


ODh 


a - b - f Previous Borrow) 




OIDh 


a ♦ b * (Previous Carrv\ 


OEh 


a-b 




01 Eh 


Duai Add with Saturate* 


ORi 


- a ♦ b - (Previous Borrow) 




01Fh 


Dual Sub with Saturate* 
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4.3.12 LC - LOOP Counter Select Bit 

The Loop Counter Select bit (LC) selects which of the 
two loop counters is used for decrementing or Loop- 
Counter-Zero conditional branching in the current 
instruction (see Secuon 3.6). 

0 = Select cm 

1 = Select cnc2 
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Chapter 5 

UNIVERSAL HOST BUS INTERFACE 



The 82750PD Universal Host Bus Imerface (UHBIl is 
the link between the host CPU and the other 
components of the multimedia system. The UHBI. 
which can accommodate different bus :>*pes 
provides the host with four access modes to the 
other system components: direct I/O, mdirect 1/0. 
an EMS-like memory access mode, and a pair of 
host-SFB FIFOs. In addiuon, the UHBI supports a 
smgle 82750PD mterrupt. 



5,1 Introduction to the Universal Host Bus Interface 

The Universal Host Bus Interface supports five bus 
types: 

• ISA 

• EISA 

• Micro Channel 

• PCI 

• VL-Bus 

The host can access the multimedia system in four 
modes via the UHBI: 

• Direct access to the 82750PD host I/O 
registers. 

• Indirect I/O access to the 82750PD memon- 
address space. 

• Access to the 82750PD memory address space 
via an EMS-style wmdow in the host's memoi>' 
address space. 

• I/O access to the SFB via a pair of Host-SFB 
FIFOs. 
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The host I/O registers are a block of eight 32-bit 
registers ui the host I/O space. These registers offer 
the programmer flexibility m confifiunng and 
controlling the other tliree access modes listed 
above. 

Table 5- 1 lists 82750PD register and memon* 
catcgones and mdicates the modes that the host can 
use to access them. The UHBI also supports an 
82750PD interrupt to the host bus (see Secuon 5.7i. 



Table 5-1, Host Access Modes to the Multimedia System 



S27S0PO 
Registers/Memory 
Accessible from the Host CPU 


Access Modes 


Direct VO 


Indirect I/O 


•*EMS" 
Memory 
Mappinq* 


Host-SFB 
FIFOs 


Host I/O Reqtsters 


Yes 


Yes- 


No 1 No 


Core Registers 


No 


Yes 


Yes 1 No 


Shared Frame Butter (SFBl 


No 


Yes 


Yes 


Yes 


Event SvnchronizatJon Reatsters 


No 


Yes 


Yes ! Yes 



' This IS simita/ to true EMS mapping, but does not conform to the EMS specificauons 



Some 62750PD registers are accessible indirectty via the host t/O registers The hos: i.O 
registers themselves are accessible onty by direct i/O addressing 

Host accesses to the multimedia system utilize the 
82750PD internal bus. However, the S2750PD 
contains logic which ensures that the host does not 
'monopolize the bus. For every non-82750PD core 
access of the internal bus, the 82750PD core is 
given an opportunity to access the internal bus. The 
following case is an exception: Under certain 
condiuons the core can. if so programmed, allow a 
Host-SFB FIFO to use two consecuuve mtemal bus 
cycles to access the SFB. {See the FAST bit in the 
read and write Host-SFB FIFOs). 
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The host I/O registers are a block of eight 32-bn 
registers in the host I/O space. These registers offer 
the programmer flexibilicy in configuring and 
controUing the other three access modes bsted 
above. 

Table 5-1 lists 82750PD register and memon- 
categones and indicates the modes that the hose can 
use to access them. The UHBI also suppons an 
82750PD interrupt to the host bus (see Section 5.7). 



Table 5-1. Host Access Modes to the Multimedia System 



82750PD 
Registcrs'Memory 
Accessible from the Host CPU 


Access Modes 


Direct MO 


Indirect I/O 


Memory 
Mappmq* 


Host^SFB 
FIFOs 


Host t/0 Reaisters 


Yes 


Yes" 


No 


No 


Core Reoisters 


No 


Yes 


Yes 1 No 


Shared Frame Buffer (SFB> 


No 


Yes 


Yes 1 Yes 


Event Svnchroruzation Reoisters 


No 


Yes 


Yes 


Yes 



* This B similar to true EMS mapping, but does not conform to the EMS speaficaoons 



Some 82750PD registers are aocessibte indirectty vta the host VO registers The host i;0 
registers themselves are accessible onty by direct I/O addressing 

Host accesses to the multomedaa system utilue the 
82750PD internal bus. However, the 82750PD 
contains logic which ensures that the host does not 
monopolize the bus. For every non-82750PD core 
access of the intemaJ bus. the 82750PD core is 
given an opponunity to access the internal bus. The 
following case is an excepuon; Under certain 
conditions the core can, if so programmed, allow a 
Host-SFB FIFO to use two consecuuve mtemal bus 
cycles to access the SFB. (Sec the FAST bit m the 
read and wnte Host-SFB FIFOs). 
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NOTE 

Ail internal bus cycles to the host interface ■ 
are created as unique operations. Software 
must be auoare thai the host CPU itself may [ 
decompose a single operaxian into multiple \ 
bus cycles. Multiple bus cycles are not \ 
reassembled by the 82750PD. Furthermore. [ 
there is no mechanism for aiomic read- 
modiJv'wrtte operations. ; 

The remaining sections in this chapter describe the 
following UHBI topics: 

• The host I/O registers and their configurauon. 

• Indirect access to system components na a 
pair of host I/O registers. 

• Configurauon of the EMS-style wmdow. 

• Access to the SFB via a pair of Host-SFB 
FIFOs. 

• Configurauon of the 82750PD interrupt to the 
host bus. 

• The general configuration registers and their 
setup by the host. 



5,2 Host Interface Address Configuration 



This section describes how the host addresses 
several devices that share the same logical "slot." 
For each host bus type, it describes the 
Programmable OpUon Select (POS) registers, which 
are used to configure the host interface addresses. 
By wnting to the POS registers, the host specifies 
the locauon of an "I/O window" in the host I/O 
space and enables or disables that I/O window and 
the EMS-style window. For the bus t\-pes that do 
not employ POS registers, an equivalent set of 
informauon is given. 
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5.2.1 Configuration of Devices in a Single Slot 



For the PCI and Micro Channel bus vrpts, the 
dences on the SFBI appear to the host as a single 
logical I/O slot. This secaon. which applies only to 
the PCI and Micro Channel bus types, descnbes the 
protocol for devices shanng a single slot. 

Figure 5-1 shows the I/O slots (A. B and C) and the 
devices for a PCI or Micro Channel bus. The de\-ices 
in slot C have device IDs 0 through 7. 



Host Bus (PCI or Micro Channel) 









1 Davca a 






D«vica B 




Slot A 


SlotB 



Davie* ID « 0 








D«vtc« 10 s 1 






• 


• 


• 


D»viett ID s 7 







SlotC 



SFBI 



Figure 5-1. Multiple Devices in a Single Logical Slot 



The following protocol is established to enable 
multiple devices to share a single logical slot wnthout 
contenuon: 

• Device 0 is responsible for providing all of the 
read data during POS (configurauon) read 
cycles. 



r 
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• Device 0 is responsible for prodding alJ 
handshaking (as required for each bus) for 
POS read and wnte cycles. 

• Devices 1 through 7 do not proxnde 
handshaking for POS read and v,-nte cycles. 

• All devices must snoop wnte data and decode 
the bits that detenmine which de\-:ce is to 
receive the data written to the slot. 

The set of bits to be snooped depends on the details 
of the de\ices sharing the slot. 



p 

p 

a 



NOTE 

The 82750PD does not fully support 
operadDn as Device 0. The strap inputs 
should not be set for Device 0 during reset 
confipuration. 



The 82750PD POS registers are wnte-oniy registers. 
The 82750PD ignores any attempt to read data from 
these I/O registers because the 82750PD cannot be 
Device 0. A different device in the system should be 
Device 0» and hence respond to any such read 
requests. The 82750PD software can read its POS 
register bits from the CFG registers, as descnbed 
later. 



5.2.2 Address Configuration 



Address configuration of the host interface depends 
on the host bus type: ISA, EISA, Micro Channel. PCI. 
or VL-Bus. However, for any of these host bus c>"pes 
the address configuration can be expressed in terms 
three generic fields: lO.BASE, lO.ENABLE, and 
MEM.ENABLE. These fields are defined m Table 
5-2. 
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Table 5-2. Generic Address Configuration Fields. 



POS Field Name 


Definition 


IC.BASE 


This 9*bit field specifies the locaDon ot 
Vie \'0 window in frie host I/O soace 


lO^ENABLE 


This 1 -bit field enabies/disaoies the 1 'C 
window 


MEM.ENABLE 


This 1 -bit field enables/disables me 
•EMS' window 



NOTE; I 
TTie data values for the IO_BASE are j 
restricted as noted here; \ 

lO.BASE Values: j 

xxxxxxxOOb Legal 

xxxjcxxxOIb Legal 

xxxxxxxlOb Legal 

xxxxxxxllb Illegal 

The specific implementation of these gcnenc fields 
depends on the bus type. The subsecuons that 
follow show the locations of the POS registers and 
the implementations of the three generic fields. 
Dependmg on the bus type, the values of IO_BASE. 
IO_ENABLE. and MEM.ENABLE are permanently m 
a clear or set state, or determined by straps/ 
jumpers, or programmable via the POS registers. In 
any case, the values of these fields can be read from 
the CFGINT register (MEM.ENABLE. lO.ENABLE. 
I0.BASEI81 and the CFGBASE register 
(Ic51baSE[7:0]. which are shown in Tables 5-36 and 
5-43. 
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ISA POS Information 



The ISA bus does not have a POS register. Table 5-3 
lists the generic POS fields and their implementauon 
in the ISA bus. 



Table 5-3. ISA Implementation of POS Fields 



POS Relds 


ISA tmptcmentaiion 


lO_ENABL£ 


- 1 (always ena&ied) 


MEM^ENABLE 


- 1 (aiways enabled) 


IO.BASE(801 


Utcned tiom straps/jumpers at reset 



EISA POS Register Format 

Tables and 5-4 and 5-5 show the POS registers for 
the EISA bus. 



Table 5-4. EISA P0S2 Register 



Mnemonic: BCNTL Address: 0zC84h' 

Access: W^O Reset State: Not available. 



Bit No. 


7-1 1 0 


Name 


RSVD 1 ENABLE 




Bit No. 


Name 


Description 


0 


ENABLE 


ENABLE - lO.ENABLE « M£M_£NABLE. Cleanng ttits bii disables 
t^e host \/0 registers and disables the 'EMS* wrndow. even tf me 
EWE bit (bn 0 in the CFG 06 reoister) is set 



* z tn the Address fietd denotes slot-dependent btts 
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Table 5-5. EISA P0S3 Register 



Mnemonic: BASE 
Access: W/O 



Bit Nc. 



Address: OzCBSEh' 
Reset state: 75h'* 



Name 



IOB[7'0] 



Bit No. 


Name 


Description 


7^ 


IOBf7-0| 


iOBr7 01 . I/O Baser? -or- 



z in the Address field denotes slot-dependent bits 

If I0_BASE[8] » 1 . the reset state corresponds to lO.START • x2EAh, where x depends on ne 
Device ID (see Section 5 3) 
* 1/0 Base[8] is latched from straps or jumpers at reset 



c: 
e 



Micro Channel POS Register Format 



Tables 5-6 and 5-7 show the POS registers for the 
Micro Channel bus. 



Table 5-6. Micro Channel P0S2 Register 



Mnemonic: — 
Access: W/O 



Address: xx02h* 
Reset State: OOh 



Bit No. 


7-1 


0 


Name 


RSVD 


CDEN 



Bit No. 


Name 


Description 


0 


CDEN 


CDEN . lO_ENABLE - MEM.ENABLE. Clearing this bit disables 
the host I/O registers, and disables the "EMS" window, even rt the 
EWE bit fbit 0 in the CFG 06 reaisterl is set 



XX denotes eight doni-care bits 
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ATI017867 




PClTus^"® ^'^ "Sisters for 



Table M. PCI P0S2 Register 



MiMfflenic: CMDO 
Access: W/O 




ATI017868 
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Table 5-9. PCI P0S3 Register 



Mntmonic: BASE 
Access: W/O 



Address: 43h 
Reset State: 75h' 



Bit No. 




7-0 


^4ame 




lOBi? 0] 




Bit No. 


Name 


) Descnption 


7-0 


tosr 0] 


I I0B[7 01 . I/O Basef7 O]" 



If IO_BASc[S] m 1 ms reset state corresponds to tO_START « ic2EAn //rere x oepencs zr 
Device ID (see Section 5 31 

' t/0 Base[8I is latched from straps or |umpers at reset 

Snooping: Snooping is enabled on configurauon 
cvcles. 



c 
c 
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The VL-Bus bus does not have a POS register. Table 
5-10 bsts the generic POS fields and their 
implementation in the VL-Bus. 

Table 5-10. VL-Bus Implementation of POS Fields 



PCS Fields 


VL-Bus Implementation 


lO.ENABLE 


- 1 (always enabled) 


MEM.ENABLE 


m 1 (always enabled) 


IO_BASEf8-0] 


Set by 9 straps/'iumpers at reset 
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5,3 Host I/O Registers 

Eight 32-bit registers m the host I/O space are 
provided for the host to access the 82750PD and uhe 
SFB. The 82750PD responds when any b\te in 
these host I/O registers is accessed by the host. 
The 82750PD core cannot access the host I/O 
registers. 

Figure 5-2 shows a map of the host I/O registers. 
Following secaons in this chapter discuss these 
registers in detail. 

Software should not access REG 7. which is Resen-ed. 
REG7 appears in the host I/O address space and is 
decoded by the hardware. Bus cycles to this CFG 
register generate the proper acknowledgment for the 
bus type used and do not hang. Any data written to 
this CFG register is ignored. Any read of this register 
returns random data. 

The address of the first, byte of the I/O registers, 
REGO-BrrEO. is named IO_START (see Figure 5-2). 
Table 5-11 shows how the value of lO.START is 
determmed. Note that lO.START is not a physical 
register it is just a label given to REGO-BYTEO. 
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n£3 0 



REQ 2 



REG 3 



REG4 



REG 5 



REG 6 



REG 7 



PAR- 

HiGr 

(IC.STAST. 0003- 


=AR- 
(C.STAFT. XC2- 


=>A=: 


=A=:: 

.cw 

;C_STA5'- XfflC- 


PAR3 

HIGH 

{lO.STAST. UC3H1 


PARS 
LOW 

{1C_START* 0*C2H) 


PAR* 
tlO_START. OAC'^ 


-CW 
C_S'A='. ^OC- 


M0S"SF3 
WO'^E -fFC 
SELECTED SVTE 

ftC_STAfiT» 0803W 


HCST-SFB 
Whi I z rirU 
CONTROL 

(IC.START* OMe"> 


hOST-SFE 
DATA - HIGH 
IIC.START* 08C1H) 


"^CS~-S-E 
CATA .OW 
(iC.S'AS*. 


H0ST.SF5 
READ F:=C 
SELECTED BYTE 

(O.START* 0CS3H) 


HOST-SFB 
REAC P'FC 
CONTROL 

(lO.START* 0CO2H) 


H0ST-SF3 
READ FIFO 
DATA - HIGH 

(IO.START*OC01H] 


H0S*-S*E 
REAC = =C 
DATA - .OW 

fC.START* 0C30H 


PD INDIRECT 
ADDRESS 
EXTRA 

flO START* lOOOM' 


PO INDIRECT 
ADDRESS 
HIGH 

riO.START* 1002H1 


PD INDIRECT 
ADDRESS 

MiC 

riO_START* 10C1M> 


FC INC'PEC 
ADDRESS 
LOW 

(iC STA=". -OOC- 


PD INDIRECT 
DATA 

e>n'E3 


PO INDIRECT 
DATA 
BrTE2 

nC START* 140BM1 


PD INDIRECT 
DATA 

s>rE* 

flO.START* 1401"' 


PC tNDlREC 
^ATA 
S^EC 

lie S'AS-. 'AX- 


GENERAL STATUS 
(10_ START* 1803H1 


GENERAL 
CONTROL 

MO.START, leoeH) 


CFGR£3:STE = 
DATA 

(0_START. 1S01H! 


CFG==3S-E = 
NJMB£= 

MC.STAPT. "BXH- 


RESERVED 

rtO_ START. 1C03H1 


RESERVED 
(O.START* iCOeH) 


RESERVED 

(tO.START. 1C01H' 


RESERVED 
riC.S'AST. iCW>- 



Figure 5-2. Host I/O Registers 
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Table 5-11. The Value of 10 START 



Address Field 


31-16 . 


15-13 ( 


12-10 


9-1 0 


Contents 


0 1 


Device_ID | 


0 


IO_BASE 1 RSVC 



Field 


Contents 


Description 


0 


RSVD 






IO_BASE 


This field is pan of me POS information for 
each bus type 


12-10 


0 




15-13 


Oevice_ID 


The device ID assigned to the 82750PD 


31-16 1 0 





A general host I/O register address has the format 
shown in Table 5-12, This format applies to all of 
the host bus types. (Note that the value of 
lO.START in Figure 5-2is the address value m Table 
5-12 with REGNUM=0.) 



Table 5-12. Format for the Address of a Host I/O Register 



Address Field 


31-16 


15-13 


12-10 


9-1 


0 


Contents 


0 


Device^lO 


REG_NUM 


IO_BASE 


X 



Field 


Contents 


Description 


0 


X 


"dom care' 


9-1 


tO.BASE 


This field IS part of the POS informaDon for 
each bus type 


12-10 


REG.NUM 


The register number (0-7) cn Figure 5-2 


15*13 


Device_ID 


The device ID assigned to the 82750PO 
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The foliov-ing equauon defines the compuiauon cf 
the address of a byte in a host I/O register: 



BYTE_ADDR£SS = IO_START 

+ 0400H • REG_NUM 
+ BYTE_NUM 

The byte addresses m, Figure 5-2 illustrate this 
computauon. 

5,4 .EMS-Styie Memory Address Mode 

One way the host can access the 82750PD memon.- 
space IS by using an EMS-style address mode.^ The 
"EMS" mode provides a window through the host 
memory address space and into the 82750PD 
memory address space. When the host accesses an 
address inside the 'XMS** window, the access is 
redirected to an address in the 82750PD memon- 
space. The locauon of the "EMS" window m the host 
memory address space is determined by 
configuration registers. Note that the host is not 
required to use the "EMS" mode to access the 
82750PD memory address space. This space can 
also be accessed by other address modes (see Table 
5-1). The following subsections describe the "EMS" 
address mode, the associated 82750PD registers, 
and settmg up the "EMS" mode. 



^ The EMS-style address mode descnbed here is similar 
to true EMS addressing but docs not sausfy all of the EMS 
requirements. For brevity we use "EMS" to refer to this 
address mode. 

_ 
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5.4.1 "EMS" Memory Mapping and Registers 

The "EMS" window in the host address space 
occupies 8 Kbytes, which are dmded into four 
2-Kbyte pages (see Figure 5-3 j. Each page of the 
window has an associated Page Address Register 
(PAR 0 - PAR 3) in located in the host I/O space 
(REGO and REGl). The page address register 
specifies a 2-Kbyte target page m the 82750PD 
memory address space. In this way an access to a 
2-Kbyte page in the host memory address space is 
redirected to a 2-Kbyte page in the e2750PD 
memory address space. 



Host 82750PD 
Address Space Address Space 

0 I 1 0 I 1 



"EMS" 
Window 

(8 Kbyte) 




4 Gbytes 



Figure 5*3. "£MS" Window Mapping 
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Figure 5-4 is a more detailed view of mapping a host 
mcmor>- address into a 82750PD memorv- address. 
When the host accesses its memory, it checks to see 
if the memory' address is inside the "EMS" v.indow 
In Figure 5-4, the 19 bits m the Match field of the 
host address specif\- which 8-Kbyie area is about to 
be accessed. Three "EMS" configuraaon registers 
store 19 bits. EMS(18:0K which specify thelS-Kbjte 
base address of the "EMS" wmdow, (The "EMS" 
configuration registers are descnbed m Secuon 
5,4.2.) If the bits m the MATCH field of the host 
memory address match EMSI18:0K then the host 
address is m the "EMS" wmdow and is mapped mto 
the 82750PD memory address space. (If there is no 
match, the address is used directly as an address in 
the host address space.) 



Host Memory Address 



|31 




13 


12 IT 


to 0 ! 


1 MATCH 


PAR 


OFFSET 



Select Winttew 



- Compare • 



£MS[18fi| 



Window Location 





I/O Registers 


REG a 




BYTEO 




»VTE3 




REG 1 




■ flfVTg 0 } 




8VT€3 





{I3brts)^ 




23 11 


10 0 







82750PD Memory Address 



Figure 5-4. Details of '*EMS" Mapping 
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For a host memon- access that is inside the "EMS* 
v(,indow. the two PAR bits (bits 1 1 and 12) of the 
host address specify the page address register (0-31 
that is used for the mapping. {The four PAR 
registers, descnbed in Secaon 5.4.2. pronde the 
programmer with up to four different mappmgs to 
use for different purposes.) The figure shows an 
example where the PAR bits are '1 0\ which selects 
PAR 2. Each 16-bit page address register contains a 
13-bit field that specifies the base address of a 2- 
Kbyte page in the 82750PD memory space. These 
bits (the 13 bits from PAR2 in the example) become 
the 13 most significant bits of the 82750PD memon* 
address. The 11 least significant bits are taken 
directly from the 1 1 least significant bits (the Offset 
field) of the host memory address. 

The three fields of the host memory address 
(OFFSET. PAR and MATCH) can be computed from 
the host memory address (ADDRESS) by the 
foDowmg *C* statements: 

Offset Int Long: 

Offset = ADDRESS & ((1 « 1 1) - 1): 
Par.Select = (ADDRESS » 1 1) fit 3: 
Match = ADDRESS & !{(1 «21) - 1): 



5.4.2 Setting Up the "EMS" Mode 

This section describes the steps to set up the "EMS" 
mode. These steps involve the POS registers, the 
"EMS" CFG registers and the Page Address 
Registers. 
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POS Registers and the "EMS'* Mode 



To enable the "EMS"-style mode, set the 
MEM.ENABLE "bit" (see Secuon 5.2) and set the 
EWE bit (see below). 

The implcmcntauon of the MEM_ENABLE "bit" 
depends on the bus type. Infonnauon regarding 
MEM.ENABLE is listed here for each bus type: 

• ISA bus: MEM.ENABLE = 1 (**EMS'' is always 
enabled). 

• EISA bus: Set the ENABLE bit in P0S2. 

• Micro Channel bus: Set the CDEN bit (bit 0 m 
P0S2). 

• PCI bus: Set the MEMEN bit in CMDO. 

• VL-Bus: MEM.ENABLE = L ("EMS" is always 
enabled). 

"EMS" ConftQuration Registers 

The "EMS'* configuraUon registers, EMSCFG12:01. 
arc shown in Table 5-13, The EWE bit in EMSCFGO 
must be set to enable the "EMS" mode. The EMSn 
bits specify the window location. Bits EMSIlSiO] in 
the EMSCFGI2:0I registers are the 19 most 
significant bits of the base address of the 8-Kb\-te 
"EMS" window. An example of setting up the 
EMSCFG registers follows. 



5-18 



Universal Host Bus Interface 



Table 5-13. "EMS" Configuration Registers 



Mnemonic: EMSCFG[2:0] Address: CFG 08-06 

Acoss: R/W Reset Stalo : OOh. OOh. OOh 



Bit Ho.) 


7 


e 


5 


4 


3 


2 


1 


0 


EMSCFG2 


EMS 18 


EMS17 


EMS16 


EMS15 


EMS14 


EMS 13 


EMS12 


EMS' • 


EMSCFG1 


EMSIO 


EMS9 


EMS8 


EMS7 


EMS6 


EMS5 


EMS4 


EMS3 


EMSCFGO 


EMS2 


EMS1 


EMSO 


1 


RSVO 




EWE 



Btl No. 


Name 


Deseriotion 


7-0 
7-0 
7-5 


EMS(18-0] 


EMS{t8.01 are the 19 MSBs ot the bas» address otthe S-Kbyte 'EMS* 
wtndow. The MATCH field ot the host address ts comoaree tc 
EMSri 8 0] to detect an address tnat is to be maooed 


0 


EWE 


Setting thts bn er^atjtes ire 'EMS* window, provided me 
MEM ENABLE brt is set (see Section 5 2^ 



NOTES 

J. The EWE bit and the MEMEN bu must be 
set to enobie the '"EMS' window. I 

2, The EWE bit nmst be clear while \ 
software changes EMS118:0]. The write I 
to EMSCFGO thai sets EWE must no: 
change the values of EMS12:01 A 
violation of this may cause a momentary 
conflict thai could hang the system. 

3. After writing the EWE bit, software 
should read iz back, before accessing the 
"EMS' window. (This ensures that the 
"EMS" window has had erwugh time to 
complete the configuration operaoorLl 

As an example, assume that the "EMS" A^nndow base 
address is chosen to be OOODSOOOh. To obtain the 
19 EMS bits that specify the wmdow starting 
address, stnp the 13 least significant bits, (or divide 
by 2000h) to obtain 6Bh. Place this value into bits 
EMSI 18:01, Domg this and setting the EWE bit gives 
the following values ui the EMS CFG registers: 
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Bit No. 


7 


6 


5 


4 


3 i 2 • t ; 0 


EMS CFG2 


0 


0 


0 


0 


0 0 ! c ' c 


EMSCFG1 1 0 


0 ! 0 


0 


1 1 : 1 0 ■ • 


EMSCFGO 


0 


^ ! ^ 


0 1 0 t 0 ! c . 1 



Page Address Registers 



Table 5-14 shows the format of the four Page 
Address Registers (PARs), which consist of host I/O 
registers REGO and REGl. Each PAR specifies a 2- 
Kbyte area in 82750PD memory address space for 
the 'EMS" mapping. Bits 2-0 of each PAR are 
hardwired to '0*. These bits always read as '0" and 
should be written as '0\ Bits 15^3 of the PAR are 
the 13 most significant bits of the base address, 
which must be on a 2-Kbyte boundary. To load a 
PAR register, strip the 8 least significant bits of the 
base address (11 bits minus the 3 hardwired bits), 
and write the resulting 16-bit value to the PAR 
register. 

You must write the base address to the Page 
Address Register before accessmg the corresponding 
"EMS" page. 

The PARs can be written and read with either b>ie- 
I/O or word-I/0 operaDons. You can v^Tite the bytes 
in any order. However, be sure to update the enure 
PAR register with the desired address value before 
accessing the corresponding "EMS" page. 



1= 

c 
c 

C 

c 
c 

c 
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Table 5-14. "EMS" Page Address Registers, 



Mnemonic: PARr3:0] 



Address: REGl-BrTES3-2. REGi-BYTESI-0: 
REG0-BYTES3-2, REGO-BYTESl-^ 
Reset State: 0000 h 



Bit No. 




15-3 


2 i 1 ' 0 


Name 


PAR 


0 1 0 ; 0 






Bit No. 


Name 


Description 


3-0 


0 


These bits are wirec '»o '0'. They read as "0' and should Be wrme"^ 
as-C- 


15-3 


PAR 


These R/W bits are me 13 MSBs of the base address ot a 2 Kbyte 
page ir^ the 82750PD memory address soace A host access tc page r 
of the 'EMS* window ts redirected to this page (provided the 'SMS' 
mode IS enabled) 



5,5 82750PD Indirect Access 

The 82750PD Indirect Access mode provides a way 
for the host to indirectly access the 82750PD 
internal bus memory space through two 32-bit 
registers m the host's I/O space. Figure 5-5 
illustrates this access mode. 
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Host 
I/O space 



827S0PD 
Memory Space 



Indirect Adoress: REG4 
indirect Data: REGS 




Figure 5-5. 82750PD Indirect Register Mapping 



The host's indirect address register (see Table 5-15) 
holds the address of the dword in the 82750PD 
memory space that is accessed (PD^ADDR). The 
host's indirect data register (sec Table 5-16) holds 
the data (PD.DATA) that is wntten to (or read from! 
that address. When the host accesses the 82750PD 
indirect data register, the 82750PD generates an 
internal bus read or wnte cycle to access the dword 
in the 82750PD memory space. 



Table 5-15. Indirect Address Register 



Mnemonic: — Address: REG4-BYTES3— REC4.&YTE0 
Acocss: R/W Reset State: OOOOOOOOh 



Bit No. 


31-0 


Name 





Bit No. 


Name 


Description 


15-0 




These tour bytes are the 82750PD memory address tor an indirect 
access of a tocation in the 62750PD memo/v address soace 
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Table 5-16. Indirect Data Register 



Mnemonic: — Address: REG5-BYTE3— REGS-BYTEO 

Access: RAW Reset State: Uninitialized 



Bit No. 




31-0 


Name 






Bit No. 


Name 


Descnption 


15-0 




These tour data bytes are data read from or wntten to tne 62*50^3 
memory tor an indirect access of the 82750PD memory address scace 
The 82750PD address tor tne indirect access ts m REGA-BYTE3— 
REG4.BYTE0 



To indirectly access a location in the 82750PD 
memory address space, execute the following tv,*o 
steps : 

1. Write the 82750PD address to be accessed 
(PD_ADDR in Figure 5-5) to the host's Indirect 
Address register (REG4-BYrE3— REG4-B^TE0). 

2. Read/Write the 82750PD data (PD.DATA m 
Figure 5-5) from/to the 82750PD Indirect Data 
register (REGS-BYTES— REG5-BYTE0). 

The mdirect access can be a byte-I/0, word-I/0. or 
dword-I/0 operation. The bytes accessed m the 
82750PD memory dword are the same bytes as 
those accessed in REG5. The order of accessing the 
bytes in the 82750PD memory dword is the same as 
the order of accessmg the bytes m REGS. 

You may access the bytes of REGS in any order: 
however you must update the entire 82750PD 
mdirect address register (REG4) wnth the desired 
address value before accessmg the 82750PD indirect 
data register. 

An access to REGS with IO.BASE(0] = 1 acuvates 
mtemal byte swappmg logic in the 82750PD. For an 
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example v.ith lO^BASE = 75h and 82750PD dence 
ID = 1, a computation as specified in Secuon 5.3 
yields the follo^^'mg addresses for the byies of REGS: 

REG5-BYTE0 = 34EAh 
REG5-B\TE1 = 34EBh 
REG5-BYTE2 = 34ECh 
REG5-B\TE3 = 34EDh 

For example, when a dword I/O wnte insmicuon is 
executed, the host splits this into wo host wnit 
cycles because this is a non-aligned operauon. For 
each of these host cycles, the data bytes are on the 
wrong 16-bit lines to go directly to the specified 
bytes of REGS. Hence, for this case the 82750PD 
internally swaps these data lines in order to 
reference the correct bytes of REGS. Each of these 
host cycles causes a separate write to memory with 
appropriate byte enables set. 

The indirect data register is "pass-through" (there is 
no buffenng). Host cycles access the 82750PD 
memory space directly. The 82750PD indirect data 
register is uninitialized at reset because no physical 
indirect data register exits. 

Figure 5-6 shows the generaUon of the 82750PD 
address from the host I/O address and the address 
held m the 82750PD indirect address register 
(REG4). The least significant two bits and the most 
significant eight bits of the 82750PD indirect 
address register are never used. Accordingly, these 
bits are hardwired to '0*. Any value ^^Titten to these 
bits is Ignored. Software should always wnte these 
bits as '0'. 
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Figure 5-6. 82750PD Indirect Register Address Translation 



5,6 Host-SFB FIFOs 



The Host-SFB FIFOs, shown in Figure 5-7. provide a 
high performance data path for the host to read or 
write the SFB. The host accesses the FIFOs in the 
host's I/O address space. In a single data 
transaction the FIFO reads or writes one dword. The 
FIFOs are useful for accessing the SFB in high 
performance modes or through host DMA channels. 
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Figure 5-7. Block Diagram of the Read and Write FIFGs 
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The FIFO data holding registers (DH3-DH0 in Figure 
5-7) are four bytes wide. The double buffered design 
allows the host and the SFB to access the data 
holding register simultaneously without contenuon. 
This design maximizes the throughput of the host 
bus and the 82750PD internal bus. 

Both FIFOs can be programmed to operate in an 
auto-mcrcment mode, which causes the SFB 
address to mcrement by four after each FIFO access. 



NOTE 

The FIFOs contam no consistency checking 
hardwcwe. It is sofiware's responsibiliry to 
handle any "stale" data problems (typvccdly 
bu re-initializinQ or flushinp the FIFOs], \ 



5,6.1 Host>SFB Write FIFO 

The Host-SFB Write FIFO, shown in Figure 5-8. is a 
high-speed data path from the host to the SFB. The 
data to be written to the SFB is placed in the Wnte 
FIFO Data Register (WFDATA), The Wnte FIFO 
Address Counter (WFCNTR) consists of bytes 
CNTRH, CNTRM, and CNTRL. The data in ^\TDATA 
IS wntten to the 24-bit address held m WFCNTR. 
Registers Rl and R2 compnse the double-buffered 
data holding register, which holds the dword of data 
to be \^Titten to the SFB. Write FIFO operaaons are 
controlled by the Wnte FIFO Control Regis ter 
(WFCON), The Write HFO Test Register (WTTEST) 
provides diagnostic infonnauon. 
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Figure 5-8. Block Diagram of the Write FIFO 



The host communicates with the Wnte FIFO vna one 
32-bit I/O register. REG2. Table 5-17 Usts the 
addresses and names of the Write FIFO registers. 
The WFCNTR register bytes (CNTRH. CNTFIM, 
CNTRL) and the WFTEST register are accessed 
indirectly through the WnteVlFO Selected Byte 
Register (WFSELB). 



Table 5-17. Host-SFB Write FIFO Registers 



Address 


Mnemonic 


Register Name 


REGS-BYTEl— REG2.BYTE0 


WFDATA 


Wnte FIFO Daa Reaisier 


REG2-BYTE2 


WFCON 


Wnte FIFO Control Register 


REG2-BYTE3 


WFSELB 


Wnte FIFO Selected Byte Register 




WFCNTR* 


Wnte FIFO Address Counter 


WFTESr 


Wnte FIFO Test Reg«ter 



•These registers are aecessefl via WFSELB 
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Basic Operation of the Host-SFB Wnte FIFO 

This secuon bnefly descnbcs the operauon of the 
Write FIFO. Details are given in following secuons 
on the registers and on specific procedures. 

To wnte to memory^ \na the Wnte FIFO, the host first 
wntes the three bytes of the starting SFB address to 
the three bytes of the WFCNTR register. The host, 
then wntes data to the WFDATA register, -^ter each 
^^^nte. the hardware moves the data to the data 
holding register, and the FIFO uses a normal 
internal bus cycle to move the data from the data 
holding register to the SFB. 

Two items to be discussed later should be noted 
here: 

• The FIFO waits until the host writes to the 
most significant byte (DH3) of the data holding 
register before writing the data to the SFB. 
This means that if DH3 is not loaded when the 
last data is written to the WFDATA register, 
software must command the last data to be 
written to the SFB. 

• There is no byte-alignment hardware between 
the WFDATA register and the data holding 
register As a result the software must attend 
to loading data bytes into the WFDATA 
register (See "Loadmg the W^rite FIFO Data 
Register.") 

The 32-bit data holding register (Rl and R2 in 
Figure 5-8) is double-buffered to mcrease the 
throughput of the host bus and the 82750PD 
mtemal bus. While the FIFO is delivering the dword 
m R2 to the SFB, the host can wnte a new dword to 
register Rl. (The data transfer from RI to R2 is 
transparent to the programmer, who treats Rl and 
R2 as a smgie register.) 
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Write FIFO Control Register (WFCON) 

The Wnte FIFO Control Register (REG2-B^T£2) is 
shown in Table 5-18. FoUowmg paragraphs discuss 
the bits. (Full bit descnpuons are given in Aopendyc 
A.) 



NOTTE: 

Before alxenng the WFCON register, 
software should verify that the Write FIFO 
is empty (see the EMPTY hit in the WFCOS 
register). 



Table 5-18. WrHe FIFO Control Register 



MrvMnontc: WFCON Address : R EG2-B YTE2 
Access: R/W ' Restt State: 08h 



BH No. 


7 


6 


5 


4 


3 


2 


1 t 0 


Name 


AUTO 


TEST 


R:FULL* 
W' RSVD 


FAST 


R- EMPTV 
W- RSVO 


BS2 


BSl 


BSO 



• R m Read. W « Wme 



BS2-BS0 (Byte Select, bits 2-0). The Bne Select 
field, compnsing bits BS2, BSl and BSO. selects the 
bytes or operauons listed in Table 5-19. The values 
of BS in the table represent the combinauons of the 
BS2-BS0 bits. The bytes in Table 5-19 are accessed 
by reading or wnting the WFSELB register. 
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Table 5-19. Byte Select Btts in the WFCON Register 



6S2 


BS1 


BSO 


BS 


1 Write 


Read 


0 


0 


0 


0 


ICNTRL 


c^^^RL 


0 


0 


1 


1 


ICNTRW 


CNTRM 


0 


1 


c 


2 


IcNTRH 


CNTRH 


0 


1 


1 


3 


1 

1 PLUSH* 


T=S* 


1 


0 


0 


4 


ICNTRL \ZHC 


1 


0 


1 


5 


IcNTRM !dH' 


1 


1 


0 


6 


ICNTRM 


DH2 


1 


1 


1 


7 


1 FLUSH- IdH3 



• FLUSH denotes an operation 



The BS values 0. 1 . and 2 select byies of the 
WFCNTR register, which holds the' starting address 
of the next dword to be written to the SFB (or read 
from the SFB in TEST mode). (The BS values 4, 5. 
and 6 serve the same purpose for wntes only.) A 
following section, 'Write FIFO Address Counter 
(WFCNTR);* gives a procedure for wnting the SFB 
address to this register. 

Writing BS = 3 or 7 to the control register "flushes" 
the data holding register. A more detailed look at 
the hardware in Figure 5-8 is helpful here. 
Whenever the FIFO hardware transfers data from Rl 
to R2. the FIFO tnes to write the data to the SFB (it 
requests the internal bus). Data is not moved from 
Rl to R2 imtil new data is wntten from the data 
register to the most significant byte (DH3) of RL 
This means that Rl could have data m any or all of 
the lower bytes (DHO-DH2), and the data would not 
be moved to R2 as long as DH3 is not written 

The flush operation provides a way to move data 
from the DH(3-DH2 bytes of the data holdmg register 
to the SFB without wntmg to DH3. Upon execuuon 
of a flush, the FIFO waits, if necessary, for the data 
in R2 to be written to the SFB. and then moves data 
in Rl to R2, from where it is wntten to the SFB. 



.1^-^*.*.^ ^^ntLcn LTic CGrresponGing b^es in. 
memory when xht flush is executed. After a flush 
the FIFO IS "empty" (see the EMPTV' bit). If there is 
data m the data holding register that would fmaliy 
be moved to the SFB {m normal operauon). and if 
software executes a flush, the final result is the 
same as if the flush were not executed. In other 
words, a superfluous flush does not change the 
result. 

Reading the WFSELB register with BS = 3 reads the 
WFTEST register. This register, which provides 
information regarding the data holding registers, is 
descnbed m the sccUon "Wmc FIFO Test Register." 

Reading the WFSELB register with BS = 4-7 reads 
the data holding register bytes DH0-DH3. At reset, 
the data holding bytes are uninitialized. 

EMPTY (Empty, bit 3). When the control register is 
. read, the EMPTY bit (bit 3) reflects the status of the 
data holding registers Rl and R2. If the host has 
not written to Rl since the FIFO has written the 
contents of both R2 and Rl to the SFB. the FIFO is 
"empty and the EMFIY bit is set. The EMPTY bit is 
also set following a flush. When writing to the 
control register, write a *0' to bit 3. Reading bit 3 
always returns the value of the EMPTY bit. 
regardless of the value wntten to that bit. 

Software must verify that the FIFO is "empty" before 
it alters the WFCNTR register or AVFCON register. If 
these registers arc altered when EMPTY = 0. a 
pending data operation can fail. Such alterations 
include changes to the AUTO bit, the TEST bit. or 
the TCLK bit. 

FAST (Fast, bit 4). Under certain condiuons. setting 
the FAST bit allows the FIFO to write two dwords 
from the data holding register (Rl and R2) to the 
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SFB in wo consecuuve internal bus cycles. The 
following condiuons are required: 

• FULL = 1 (the FIFO is fuU). 

• WFCNTR points to an even dword address (an 
address whose least significant bits are '00*1. 

• ALTO = 1 (the FIFO is in auto-increment 
mode). 

• FAST=1. 

This increases efficiency by saving the overhead of 
arbitration and transfer of control for wnting the 
second dword. For FAST = 0, the 82750PD executes 
normal bus cycles. 

FULL (R), (Full, bit 5). For a control register read, 
the FULL bit reflects the status of the holding 
registers Rl and R2. The FULL bit is set only if both 
of the following conditions hold: 

• Register R2 holds valid data, and the FIFO has 
not yet written that data to the SFB. 

• The host has written data to (at least) the most 
significant byte of register Rl. 

Since the FIFO requests an internal bus cycle when 
(at least) the most significant byte of Rl is valid, it is 
entirely possible that the FIFO is never full m 
normal operauon. 

If the FIFO is full, then setting the FAST bit speeds 
the wTites to the SFB under certain conditions (see 
the FAST bit). If the FIFO is full and the host writes 
to the WFDATA register, wait states are insened in 
the host bus cycle until the FIFO can accept the 
data from the host. 

(Note that ha\'ing the FULL bit set is not the 
complement of having the EMPTY bit clear. For 
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example, if DHl is the only holding reaisier b>Te 
mxh valid data, the HFO is neither full nor empt>'.. 

TEST (Test, bit 6). Setang this bit prevents the 
internal bus acquisition logic from requesting the 
bus. This allows the host to access the Wnte FIFO 
registers without tnggenng a u-nte cycle. This is 
useful in the following two situauons: 

• FIFO initoalization. The TEST bit must be set 
during iniualization of the FIFO. 

• FIFO diagnostics. Inhibitmg the unte cvcle 
facilitates debugging. 

Note that setting the TEST bit does not mterrupi an 
internal bus cycle that is already m process, i.e.. 
once the FIFO has requested the mtemaJ bus. the 
wnte eventually occurs. If TEST = 1 and the FIFO is 
full, a write to the WFDATA register is ignored. 

For diagnosuc purposes, the TEST bit mav stav set 
through several register reads and writes.' Previous 
FIFO implementations required software to set the 
test bit at the beginning of each operaaon to ensure 
correct iniQalization (prevent a false cycle). The 
82750PD implementauon does not require the TEST 
bit to be set repeatedly: however, it does run 
compaUbly with software that does set the TEST bit 
before each operation. 

AUTO (AutomaUc Increment, bit 7). If the ALTO bit 
is set, the WFCNTR register mcrements by four after 
each write data cycle on the mtemal bus. ' If the 
FIFO wntes two dwords in consecutive internal bus 
cycles (see the discussion of the FAST bit), it 
increments by 8. (Actually, there are two 
increments by 4. The difference is moot except 
under unusual circumstances, such as m a 
diagnosuc program, where it might be possible for 
the software to catch the mtermediate value.) If 
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AUTO = 0. the Wnte FIFO accesses the same 
location repeatedly until a new address is vt-ntten. 

Write FIFO Address Counter (WFCNTR) 



The three bytes (QNTRH. CNTRM, CNTRL) of the 
WFCNTR register hold the starting address of the 
next dword to be u-ntten to the SFB. The WTCON 
register is cleared at reset. To wnte the SFB address 
to the WFCON register, execute the sequence of 
wntes indicated in Table 5-20. Accesses to the three 
bytes of the WFCNTR register must be m the order 
shown. You can wnte to the WTCON register 
(REG2-BYTE2) and the WFCNTR register (REG2- 
BYTE3) in the same instruction. 



NOTE: 

Be/ore cdtering the WFCNTR register, 
sqfiware should ueri/y that the Write FIFO 
is empty (see the EMPTY bit in the WFCON 
register), 



Table 5-20. I/O Sequence to Read/Write the SFB Address 



step 


Value of BS in 
WFCON Register 
{REG2-BVTE21 


Byte or WFCNTR Accessed the 
WFSELB Register 
(REG2-BYTE31 


1 


BS.O 


CNTRL (low byte) 


2 


BS. 1 


CNTRM (middle byte) 


3 


BS.2 


CNTRH ( hrgh byte) 



The host-to-SFB data transfer can start and end on 
any byte boundary in the SFB. and data can be 
moved from any byte boundary in the host memorv-. 
However, some rules must be followed to obtam the 
desired byte alignments in the SFB. (See "Loadmg 
the Wnte' FIFO Data Register.") 
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Write FIFO Data Register (WFDATA) 

The Write FIFO Data Register {REG2-B\TE 1— REG2- 
BYTEO) IS a wTite-only register. (Reading Lhis 
register returns undefined data, and does not affect 
the Write FIFO). The WFDATA register is 
uniniualized at reset. 

The WFDATA register can be written S or 16 bits a: a 
tune. However, when wnting to the data register, 
observe these rules: 

• When wnting with byte operations, always 
wnte both bytes of WFDATA and alternate the 
writes to BYTEl and BYTEO. 

• Do not access the WFDATA register and the 
WFCON register in the same host bus cycle. 
Doing so may leave false data in the data 
register. 

LoadinQ the Write FIFO Data Register 

The diagram in Figure 5-9 shows the data paths for 
bytes movmg from the WFDATA register to the data 
holding register and, finally, to the SFB. Note that 
data transfers from the Write FIFO (from the data 
holding register) to the SFB are in dword units, and 
the dword is stored on a dword boundar>*. In 
addiDon, transfers from the WFDATA register to the 
holding register are m word units. To store bytes in 
the desired SFB locations, software must 
compensate for the lack of byte-alignment hardware. 
This secaon gives a data-loading procedure that 
results in the data bemg stored in the correct SFB 
address. 

A brief look at the Write FIFO hardware pomts to the 
procedure for loading the WFDATA register. The 
diagram m Figure 5-9 shows the data paths for 
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bytes mo\ing from the V.TDATA register, to the data 
holding register, and to the SFB. 




Write FlPO Data Register 



DH3 



OHO 



Data Holding Register 



24-btt SFB Address 

.X . XX : : 

>x . XX c ' 

► X . XX : 0 
. X . XX : 



lnt»mal Bus 



Figure 5-9. DaU Paths from the Write FIFO Data Register 

to the SFB 



The hardware examines bit 1 (CNTl) of the SFB 
address, (i.e., bit 1 of the least significant b\ae 
(CNTRL) in the WFCNTR register). The hardware 
then moves the word in the 16-bit data register to 
the 32-bit data holdmg register according to the 
following rules: 

• If CNTl = 0, BYTEl-BYTEO is moved to bytes 
DHl-DHO of the holding register (dashed 
arrows m Figure 5-9). 

• If CNTl = 1, BYTEl-BYTEO is moved to bytes 
DH3-DH2 of the holding register (solid arrows 
in Figure 5-9). 
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To coordinate with the hardware, the softv,*are 
should follow this procedure: 

1. Wnte the SFB (destinauonl address of the first 
data byte to the WFCNTR register. 

2. Load data into the WDATA register according 
to these direcaons: 

• If the SFB address of the first b\ie is odd 
(CNTO =1), move the first data byte to 
REG2-BYrEl of the data register. (For 
CNTO = 1. the data in BYTEO is a "don't 
care": it is ignored by the hardware.) 

• If the SFB address of the first byte is e^'en 
(CNTO = 0)» move the first data word to the 
data register, and then move the second 
word to the data register. 

(The hardware moves each word to DHl- 
DHO and DH3-DH2 according to bit CNTl. 
as descnbed above.) 

3. Continue movmg data words to the WFDATA 
register. 

To ensure correct results, be careful with the I/O 
address, the I/O transfer size, and the WFCNTR 
register. The two least significant bits (CNTl, CNTOl 
of the WFCNTR register always correctly reflect the 
SFB address of the next byte to be written. 
Programming examples illustrating how to begin a 
data move from the host to the SFB are in Appendix 
C. 

Savmp and Restoring the State of the Write FIFO 

The following is a procedure for saving the state of 
the Write HFO: 

1. Read the WFCON register and save it for 
restormg the FIFO. 
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2. If the EMPTY bit is set. go to step 4. 

3. Flush the FIFO and wait until the EMFH' bit 
in the WFCON register is set. 

4. Read and save the 24-bit WFCNTR register. 
(This is the SFB address of the next bvie to be 
moved.) 

5. Restore the control register state that was 
saved m step 1 . 

The FIFO can now be inidalized and used for 
another transfer. 

"Restoring" the state of the FIFO is indistinguishable 
from beginning a new operaUon. Write the SFB 
starting address for the next data transfer to the 
WFCNTR register and proceed with the new 
operation. 

Write FIFO Test Register 

The Write FIFO Test Register (WFTEST) pro\ides 
diagnostic information concerning the data holding 
registers. To read the WFTEST register, read die 
WFSELB register with BS = 3. The bits of this 
registerfsee Table 5-21) indicate whether the bvtes 
in the data holding registers are empty. i.e.. not 
written smce: (i) initialization, or (2) a flush, or (3) 
the latest transfer from R2 to the SFB. 



Universal Host Bus Interface 



Table 5-21. Write FIFO Test Register 



Mnemonic: WFTEST 
Access: R'O 



Address: REG2-BVTE3 with BS £ 3 
Reset SUte:OFFh 



BH No. 


7-4 




Name 


RlDHf7 4] 


R2DH[3 01 



Bit No. 


Name 


Description 


3-0 


R2DHft 


The R2DHn bit (n « 0. t. 2 . 3)ot data hoiamg reoisteT R2 :s se: :t ii: 
n of data holdmo reatster R2 ts empty 


7-4 


R1DH/7 


The RIDH/Tbit (n • 0, 1. 2 . 3)of data hotding (egister Ri is se: i1 fc.t 
n of data holdina reatster R2 is emotv 



5.6.2 Host-SFB Read FIFO 



The 32-bit Read FIFO, shown m Figure 5-10. is a 
high-speed data path from the SFB to the hose. The 
host accesses the Read FIFO via one 32-bxt I/O 
register. REG3. Two bytes {REGS-BYTE 1—REG3- 
BYTEO) compnse the Read FIFO Data Register 
(RFDATA). REG3-BYrE2 is the Read FIFO Control 
Register (RFCON), and REG3-BYTE3 is the Read 
FIFO Selected Byte Register (RFSELB). The RFSELB 
register is used to access the three bytes (CNTRL. 
CNTRM, and CNTRH] of the Read FIFO Address 
Counter Register (RFCNTR). (The RFSELB register is 
also used to access the Read FIFO Test Register, 
which is described later.) Registers Rl and R2 
comprise the double-buifered data holding register. 
While the host reads the data in R2 via the RFDATA 
register, the FIFO can fetch the next dword of data 
from the SFB and place it into Rl, This double- 
buffered design maximizes the throughput of the 
host bus and the 82750PD internal bus. Table 5-22 
lists the Host-SFB Read FIFO registers. 



5-39 



ATI017898 



w.iiversai Host Bus interface 

















R£G3tE-'='i z'-'zl \ 


iS'z Aaaress; ' TijC 

- - i :3 










1 I 










SFB 











Figure 5-10. Block Diagram of the Read FIFO 



Table 5-22. Read FIFO Registers 



Addrftss 


Mnemonic 


Register Name 


REG3-BYTE1, REGS-BYTHO 


RFDATA 


Read FIFO Data Reaister 


REG3*BYTt2 


RFCON 


Read FIFO Control Reaister 


REG3-BYTE3 


RFSELB 


Read FIFO Selected Byte Register 




RFCNTR* 


Read FIFO Address Counter 




RFTESr 


Read FIFO Test Reoister 



* These registers are accessed via the RFSELB Register 



Basic Operation of the Host-SFB Read FIFO 

This section describes the basic operauon of the 
Read FIFO. (The Read FIFO operates differently 
according to whether the host is reading the data in 
(i) single bytes or words or (ii) blocks. These 
differences are descnbed in the following secuon on 
the control register (RFCON)). 
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To read the SFB memory via the Read FIFO, the host 
first loads the RFCNTR register with the starong 
SFB address. This requires three wnte operauons. 
Each wnte simultaneously assigns the RFSELB 
register to one byte of the RFCNTR register and 
wntes one byte of the SFB address to the RFSELB 
register. The three SFB address bytes must be 
written in order from the lowest byte to the highest 
byte: CNTRL, CNTRM, CNTRH. The wnte to 
CNTRLH signals the Read FIFO to fetch data from 
the SFB. 

The Read FIFO fetches one dword (never a single 
word or byte) and places it into the input buffer (Rll 
of the data holding register. The next step depends 
on whether buffer R2 has data that is yet to be read 
by the host (via the RFDATA register). If R2 contains 
data, the FIFO waits until the host has read that 
data and then moves the new dword from Rl to R2. 
If register R2 is empty, the new dword is moved 
immediately from Rl to R2. Then, while the host is 
reading the dword in R2, the Read FIFO fetches the 
next dword and places it in Rl. This prefetch 
ensures that the host can read the next dword 
without waatmg for an internal bus cycle. 

Note that while the FIFO fetches data m dwords. the 
host reads the data from the RFDATA register in 
words or bytes. The secDon. 'Tteadmg the Read 
FIFO Data Register," describes how the host 
software can accommodate this difference. 

Read FIFO Control Register (RFCON) 

Table 5-23 shows the RFCON register. Paragraphs 
followmg the table discuss the operauon of the Read 
FIFO in terms of the state of the RFCON register. 
(Full bit descriptions are given in Appendix B.) 
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Table 5-23. Read FIFO Control Register 



Mnemonic: RFCON 
Access: R/W 



Addfvss: BEG3*BYTE2 
Reset State: OOh 



Bit Ho. 




6 


£ i 4 ' 3 1 2 


Name 


AUTO 


TEST 


RSVO 


FAST 


R EMPTV 
W: RSVD 


BS2 



' R • Read, W . Wrtte 



BS2-BS0 (Byte Select, bits 2-0). The Byte Select 
field, compnsmg bits BS2. BSl and BSO. is used to 
select a byte in the RFCNTR register (for both reads 
and wntes) or to select the Read FIFO Test Register 
(RFTEST) for reads. Table 5-24 shows these 
selecuons. The values of BS in the table represent 
the combinations of the BSl-BSO bits. Note that the 
BS2 bit is a "don*t care." The RFTEST register is 
described in a section below. 



Table 5-24. Byte Select Bits in the RFCON Register 



SS2 


BSl 


BSO 


BS 


Wrtte 


Read 


X 


0 


0 


0 


cntrl' 


CNTRL 


X 


0 


1 


1 


CNTRM 


CNTRM 


X 


1 


0 


2 


CNTRH 


CNTRH 


X 


1 


1 


3 


NOP 1 RFTSST 



EMPTY (Empty, bit 3, R/0). The EMPTY bit reflects 
the status of the data holding registers. Rl and R2. 
The EMPTY bit is set If neither Rl nor R2 contams 
data. In AUTO mode, the EMPTY bit would normally 
be set only for a short tune after the SFB address 
has been loaded. The EMPTY bit and the FULL bit 
are not complements. 

If the FIFO is empty, then setting the FAST bit 
speeds the reads from the SFB under cenam 
condiuons (see the FAST bit). If the host reads the 
RFDATA register when the EMPTY bit is set, wait 
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states are insened in the host bus cycle unul the 
read is finished. 

FAST (Fast, bit 41. Under certain conditions, setting 
the FAST bit allows the FIFO to read tv,-o dwords 
from the SFB and place them in the data holdmg 
register (Rl and R21 in tw,'o consecuuve internal bus 
cycles. The following conditions are required: 

• EMPTy= 1 (the FIFO is fuUl. 

• WFCNTR points to an even dword address (an 
address whose least significant bits are 00'), 

• AUTO = 1 (the FIFO is in auto-mcrement 
mode). 

• FAST=1. 

This increases efficiency by saving the overhead of 
arbitration and transfer of control that would 
normally be incurred in reading the second dword. 
For FAST = 0. the 82750PD executes normal bus 
cycles. 

FULL (R/0) (FuU, bit 5). When the host reads the 
RFCON register, bit 5 is the FULL bit. This bit 
reflects the status of the data holding registers. Rl 
and R2. The FULL bit is set if register Rl has data 
and the high byte (DH3] of register R2 has data. i.e.. 
has not been read. 

Software should verify that the FIFO is "full" before u 
alters the RFCNTR or RFCON register. (The full 
state IS stable.) Altenng these registers when the 
FIFO is not full can cause a pending data operauon 
to fail. Such altcrauons include changes to the 
AUTO bit. the TEST bit, and the TCLK bit and a 
change of address in RFCNTR 

If the FUXL bit is not set, the Read FIFO contams 
some residual data because the Read FIFO tries to 
fill the data holding registers whenever the most 



5-43 



Universal Host Bus Interface 



significant byie of a 32-bit word is read by the host. 
If the FIFO is not in the ALTO mode, and' if a 
transfer to the host ends on the first, second, or 
third byte (DHO. DHL or DH2) then the FIFO 
contains some residual data. When m the ALTO 
mode, the Read FIFO always contajins some residual 
data after the transfer is finished. This unwanted 
data is a by-product of readmg ahead and tmns to 
keep the FIFO full. Since the FIFO controller always 
attempts to keep up with the host reads, the normal 
operating condition of the FIFO is "full." To purge 
residual data, take the FIFO out of AUTO mode and 
read (at least) byte DH3 of R2. 

TEST (Test, bit 6). The TEST bit is used for Read 
FIFO diagnostics. Setting this bit initializes the FIFO 
and prevents the internal bus acquisition logic from 
requesting the bus. This allows the host to access 
the Read FIFO registers without tnggermg a read 
cycle. Note that setting the TEST bit does not 
interrupt an internal bus cycle that has already 
begun: once the FIFO has requested the bus, the 
read eventually occurs. Readmg an emptv' Read 
FIFO with TEST = 1 returns erroneous data. 
Furthermore, lOCHRDY is never asserted (the read 
cycle is never iniUated), 

For diagnosUc purposes, the TEST bit may stay set 
through several register reads and wntes.' Previous 
FIFO implementations required sofcv^-are to set the 
test bit at the beginning of each operaaon to ensure 
correct initialization (prevent a false cycle). The 
82750PD implementation does not require software 
to set the TEST bit repeatedly: however, it runs 
compatibly with software that does set the TEST bit 
before each operauon. 

AUTO (Auto-increment, bit 7). Settmg the ALTO bit 
puts the Read FIFO in auto-mcremem mode, which 
facilitates reading a block of data from the SFB. To 
read a single dword. word, or byit, the AUTO bit 
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should be clear. When the AUTO bit is set. the 
RFCNTR register increments by four after each read 
cycle of the internal bus. thus setting up the 
address counter for reading the next dword. \Vhtn 
the Auto bit is clear, the RFCNTR register does not 
increment automaacally. The Read FIFO accesses 
the same SFB address repeatedly unul a new 
address is wTitten to the RFCNTR register. 

When the AUTO bit is set. the Read FIFO fetches a 
dword as soon as the host writes the high byie of the 
RFCNTR register. It continues to prefetch dwords as 
long as the data deposited into RI can be moved 
immediately into R2 (as a result of the host reading 
the RFDATA register). However, if the FIFO becomes 
empty (EMPTY = 1), the Read FIFO fetches two 
dwords from the SFB in consecutive internal bus 
cvcles. provided other conditions are met (see the 
FAST bit). 

When the AUTO bit is clear, the Read FIFO does not 
prefetch data. It fetches data only when the host 
attempts to read the RFDATA register and there is 
no data in R2. The fetch is then a Slow SFB cycle: 
wait states are inserted into the host bus cycle until 
the RFDATA register receives data. 

Read FIFO Address Counter (RFCNTR) 

The three bytes (CNTRH. CNTRM, CNTRL) of the 
Read FIFO Address Counter (RFCNTR) hold the 
address of the next dword to be read from the SFB. 
Accessing the 24-bit address involves both the 
RFCON register {REG3-BYTE2) and the RFSELB 
register (REG3-BYTE3). To access the RFCNTR 
register, execute 16-bit I/O operaUons m the order 
shown in Table 5-25. In auto-increment mode 
(AUTO = 1) the FIFO fetches data from the SFB when 
the high byte of the address is written to the CNTRH 
byte. 
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Table 5*25. 1/0 Sequence for RFCNTR Register Accesses 



Siep 


ValtM ef BS in the 
RPCON Register 
fREG3-BYTE2) 


Byte of RFCNTR Accessed 
through the RFSELB Register 
{REG3-BYT£3) 


1 


BS-0 


CNTRL now byte. 


2 


BS« 1 


CNTRM (middle bvte) 


3 


es«2 


CNTPH ( hrofi bvte- 



The SFB-to-host data transfer can start and end on 
any byte boundanes in the SFB. However, some 
rules should be followed to obtain the desired b\te 
alignments. (See the secUon Heading the Read 
FIFO Dau Register.") 

Read FIFO Data Register (RFDATA) 

The Read FIFO Data Register (RFDATA at REGS- 
BYTE 1) accepts data from the SFB (via the data 
holding register) and holds it for reading by the host. 
At reset this register is uninitialized. The RFDATA 
register is read-only. (If the register is wntten, the 
wnte cycle completes, but the Read FIFO is 
unchanged.) The RFDATA register can be read iMth 
word or byte operations. However, the following 
rules should be observed: 

• When reading the RFDATA register with byte 
operaUons, read the high byte (REGS-BYTE 1) 
between any two reads of the low byte (REG3- 
BYTEO), 

• Do not access the RFDATA register and the 
RFCON register in the same host bus cycle. 

The RFDATA register is not initialized at reset. 

There is no byte alignment hardware between the 
data holding register and the RFDATA register. The 
secuon "Readmg the Read FIFO Data Register ' 
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describes steps reading the desired data from the 
SFB. 

Read FIFO Test Register (RFTEST) 

The Read FIFO Test Register (RFTEST) prondes the 
programmer with diagnostic informaaon. This 
register is accessed by reading the RFCON register 
with BS = 3 or 7. This register should be w-ntten as 
OOh. although the value written is ignored- Table 5- 
26 descnbes the RFTEST register. 

Table 5*26. Read FIFO Test Register 



Mntmonic: RFTHST Addrtss: REG3-BrTE3. 6S r 3 or 7 
Access: R/0 Reset State: 67 h 



BttNo. 


7 


6 


5 


4 


3 


2 


^ 


0 


Nam* 


REQ 


SEL 


RFRES 


FAST 


CNT2 


NXTFAST 


HR1 


HR2 



HR2 (Holding Register 2, bit 0). If this bit is set. 
data holdmg register R2 (host side) contains valid 
data. 

HRl fHolding Register h bit 1). If this bit is set, 
data holding register Rl (SFB side) contains valid 
data. 

NXTFAST (Next Fast, bit 2). If this bit is set. the 
Read FIFO is requesting a 64-bit internal bus cycle. 

CNT2 (CNT2. bit 3). This bit is bit 2 of the RFCNTR 
register 

FAST (Fast, bit 4). This is the FAST bit (bit 4) of the 
RFCON register. 

RFRES (Read FIFO Reset, bit 5). If this bit is set, 
the Read FIFO is being reset. The FIFO enters its 
reset state upon reset of the 82750PD or when the 
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host wntes the low byte of the RFCNTR register The 
FIFO exits its reset state when the host wntes the 
high byte of the RFCNTR register. 

SEL (Select, bit 6). If this bit is clear, the internal 
bus arbiter has selected the Read FIFO. 

REQ (Request, bit 7). If this bit is set. the Read 
FIFO is requesting use of the 82750PD internal bus. 

Reading the RFDATA Register 

The diagram in Figure 5-11 shows the data paths for 
bytes moving from the SFB to the data holding 
register and then to the RFDATA register. Data 
transfers from the SFB to the data holding register 
are in dword units beginning at a dword boundan* 
in the SFB. Data transfers from the data holding 
register to the RFDATA register are in word units. 
Hardware moves the high or low word from the data 
holding register to the WFDATA register accordmg to 
the value of bit 1 (CNTl) of the address. 

If a word or a byte is read from an even address, 
hardware loads the that word (or the word 
containing that byte) into the RFDATA register with 
the low byte in BYTEO, In this case no software 
adjustment is needed. 
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Figure 5-11. Data Paths from the SFB to the Read FIFO 
Data Register 



If a word or a byte is read from an odd address, 
hardware loads that word (or the word containing 
that bjae) into the RFDATA register with the low 
byte in BYTEl. For the case of a single byte read, 
software must take that byte from BYTEl rather 
thanBYTEO. 

For the case of a word read from an odd address, 
software must compensate for the following two 
effects: 

• The low byte is in BYTE 1 of the RFDATA 
register rather than m BYTEO. 

• The high byte is not in the RFDATA register. 
Software must perform another read to read 
the high byte. 
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Saving and Restoring the State of the Read FIFO 

The following procedure can be used to save the 
state of the 32-bit Read FIFO: 

L Read the RFCON register and save it for the 
state restorauon. 

2. If the FIFO was in ALTO mode, wait until the 
FIFO is FULL by checking the RFCON register. 

3. Read the RFCNTR register. 

4. If the FIFO was in AUTO mode, subtract 8 
from the value in RFCNTR. This is the FIFO 
Counter Value (i.e., the address of the next 
byte to be read from the SFB). 

The FIFO can now be initialized and used for 
another transfer. Restoring the state of the FIFO is 
indistinguishable from beginning a new operauon. 
It consists of beginning a new transfer using the 24- 
bit SFB address calculated in step 4. 



5 J Interrupts and Meta-lnterrur 



The 82750PD system of interrupts and meta- 
interrupts enables the 82750PD core and the host 
CPU to automatically leam of events concerning 
devices on the SFBI. This system includes the 
SynchroLink registers (see Secuon 6.5), the 
mterrupt registers in the core (see Secuon 3,14), and 
the interrupt registers in the host interface. This 
section descnbes the interrupt and meta-mterrupi 
system, the associated UHBI registers, and a 
procedure for setting up interrupts. 
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5.7.1 The InterruptMeta-lnterrupt System 

SFBI events are communicated to the 82750PD by 
the S\"nchroLmk. Table 5-27 lists the SFBI events 
that can be programmed to generate meta- 
interrupts to the 82750PD core and. possibly, an 
interrupt to the host. The second column descnbes 
how these events are manifested in the XCVRn and 
RSRV registers m the SynchroLlnk mterface. 
Column three lists the register bits that can enable 
each interrupt event to generate a meta-interrupt. 



Table 5-27. Enabling SFBI Events to Generate Meta-lnterrupts 



SFBI Event 


Effect on SynchroUnk 
Interface Reqisters 


Enabling Bit 


VBUS Code 
Group 


The 82750PD has received 
and acknowiedged an 
tnoomtno messaoe 


Hardware sets VAUD (bit 
16) m RSRV regtstar. 


IINT (bit 24) in 
RSRV register 


VICODE 


A message transmission by 
the 82750PO ts complete 


Hardware clears TXIPR 
fbrt 16) in XCVRn register 


TXINT(bit24) in 
XCVRn reoisier 


V1C0DE 


A service request from the 
82750PD was not accepted 
by ttietaraet device. 


Hardware sets NACK (bit 
17) in XCVRn register. 


NINT (bit 25) in 
XCVRn register 


VICODE 


A device that was sent a 
service request by the 
82750PD has replied 


Hardware sets 
COMPLETE (bit 19) in 
XCVRn reoister 


CINT (bit 27) m 
XCVRn register 


V1C0DE 


The 82750PD has recerved 
a message with a certain 
function code * 


Hardware sets 
FMATCH(bit18) in 
XCVRn reoister. 


BINT (bit 26) m 
XCVRn register 


VICODE 


The 82750P0 has recerved 
a message with a certain 
function code * 


Hardware sets 
FMATCH(bit 18) in 
XCVRn reoister 


BINT2 (bit 29) in 
XCVRn register 


V2C0DE 



' The last two events are identical, but the meta-intenupts are enabled by different bits and 
generate different VBUS codes 
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Figure 5-12 shows a diagram of the intemipc and 
meta-inteirupt system. The top poruon shows ihe 
amvaJ paths of the SFBI events, which are idenufied 
by their enabling bits, as listed in Table 5-27. (See 
Secaons 6.4.2 and 6.4.6 fcr descnpuons of the 
XCVRn and RSRV registers, respecuvely.) 

The SFBI events, represented by r^tir enabling bits, 
are divided into two groups, Vl'cODE events consist 
of IIKT, T?aNT, NINT, BINT, and CLVT. V2C0DE 
events consist of BINT2 only. Whenever an enabled 
event in the VI CODE group occurs, a message is 
sent to the core. The message is the same, 
regardless of which event in the VICODE group 
occurs. Similarly, if BINT2 is enabled and its 
corresponding event occurs, a message is sent to the 
core. The exact message is detennmed bv the 
VICODE and V2C0DE fields of the MCFG register 
(Secuon 6.4.9). When setting up the interrupt 
system, the programmer can wnte mto the VICODE 
field any VBUS code listed in Table 5-28. The VBUS 
code is chosen according to the desired action(s) m 
response to a VICODE event, A similar choice is 
made for V2C0DE. 
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Figure 5-12. Diagram of the Meta-Intemipt System 
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Table 5*28. VBUS Codes 



V6US 
Code* 


Name 


Action 


ocx?o-ion 






noo 


VOOD 


VS) internjp:. OF inierruDt increment Icr: 
reatster- dear /cn rreotster 


1101 


VEVEN 


VBI int EP Inf mcremert far: 


1M0 


HUNE 


increment /cnr register 


1111 


NUU 


This IS the idle state of the VBUS 



• The VBUS codes are wnnen to the VI CODE field (bits 27-24) and the 

V2CO0E fietd (bits 31-28) ot the MCFG register. 
** Do not use Reserved codes 



The selected code is sent over the VBUS to the core. 
The decoded signal (VEVEN. VODD. or HUNEl alters 
the font and/or lent registers as shown m Figure 5- 
12. (These arc the alterations described in Table 5- 
28.) This register alteration consatutes the meta- 
interrupt. It is software's responsibiiit\' to sense the 
meta-interrupt by polling the fcnt and lent registers. 

The same VBUS code can also be programmed to 
tngger the 82750PD intemipi to the host. The bits 
in the ccorwol register enable the interrupt. A 
VEVEN code can trigger an even field interrupt 
(EFI.E bit) and/or a vertical blanking inten-ai 
interrupt (VBLE bit), A VODD code can tngger an 
odd field interrupt (bit OFI.E) and/or a vemcai 
blanking interval interrupt (VBI.E bit). Only one of 
these enable bits should be set at a time. (Note chat 
an HLINE code can tngger only a raeta-interrupt. 

The 82750PD hardware sets fixed pnonties for the 
generauon of VBUS codes, as listed m Table 5-29. 
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Table 5-29. Priorities for Generation of VBUS Codes 



Priority 


VBUS code 


Hiahest 


Currentlv driven VBUS code 




V2C0DE 


Lowest 1 V1C0D5 



VI CODE requests are queued only 1 deep. If a 
second VICODE request is generated before the first 
has been driven to the 82750PD core, then the 
second request is ignored. V2C0DE requests are 
also queued only 1 deep. 

The DINT bit in the GENCON (SecUon 5.7, 1) register 
enables the single interrupt to the host. The 
interrupt output pin can be configured as three- 
state or open drain and with a desired polani\- to 
meet the requirements of the particular bus t>-pe. 

The DINT bit facilitates interrupt handling in both 
level- triggered and edge- triggered interrupt systems. 
When an interrupt occurs* the hosts mterrupt 
handler typically disables all interrupts while it 
processes the one that was Just detected. If a 
second interrupt occurs while all of the mterrupts 
are disabled, and if the interrupt system is level- 
tnggered, it is detected when the mterrupt handler 
re-enables the mterrupts. However, m an edge- 
tnggcred interrupt system, such as the ISA. bus. this 
second interrupt condition would be undetected 
because the interrupts are disabled when the edge 
occurs. This problem is solved with the use of the 
DINT bit (described in the following subsection). By 
employing the DINT bit. software can use the same 
approach for buses with level-triggered interrupts 
and edge-triggered interrupts. The DINT bit does 
this by giving software the ability to generate an 
interrupt edge, even when interrupt condiuons 
occur very close to each other. 
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The next subsecUon describes the GEXCON register, 
which inciudes the DINT bit. and the GENSTAT 
register, which indicates whether the 82750PD 
interrupt signal is assened/deasserted. A second 
subsection describes how to set up the 82750PD 
interrupt. 



5.7.2 General Control and General Status Registers 

The General Control Register (REG6-BYTE2). shov^-n 
in Figure 5-12, has only one funcUonal bit. the 
Disable Interrupt bit (DINT). 

Table 5-30. General Control Register 



Mnemonic: GENCON Address: REG$-BYTE2 

Reset state: OOh 



Btt No. 


7 


6 


5-0 


Name 


RSVO 


DINT 


RSVO 



Bit 


Name 


Description 


6 


OrNT 


Disable Interrupt Setong ihrs btt disables ihe 82750PD interrupt 
Cteanna thrs brt enables the 82750PO to Generate an rnterruot 



Setting DINT disables the 82750PD interrupt. The 
DINT bit does not change the interrupt conditions, it 
only blocks the signal from being driven onto the 
interrupt line. {Note: DINT simply forces the 
interrupt inactive; DINT does not three-state the 
interrupt pin.) The interrupt handler should set 
DINT and then clear it after the system interrupt 
controller has been reset. If another interrupt was 
pending before the system interrupt controDer was 
reset, that interrupt is reasserted. 

The General Status Register, shown m Table 5-31. 
contains the Video Interrupt bit fVINT), a read-only 
bit that reflects the status of the interrupt signal 
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from the 82750PD, VINT is set whenever the 
interrupt signal from the 82750PD is assened. To 
reset this bit, execute a read of the 82750PD 
Interrupt Flag register, which is located at 
'OxFEOlOO' (see Secuon 3.14). 



Table 5-31. General Status Register 



Mntmonic: GENSTAT Address: REG6-erTE3 

Access: R/O Reset State: OOh 



Bit No. 


7-2 


1 I 0 


Name 


RSVO S 


\ RSVD 










Bit 


Name 


Dascrtption 




6 


VINT 


VINT, This bit IS set whenevef the 82750PD interrupt signal is 
asserted 



5.7.3 Setting Up the 82750PD Interrupt 

Setting up and handling the 82750PD interrupt 
involves the following registers: 

• Three core registers: 

- Core Control Register (ccomroi, see Secuon 
3.14.1). 

- Core Interrupt Flag Register (ancflag, see 
Secuon 3,14,2). 

- Core Status Register [cstojcus. see SecUon 
3.14.3) 

• General Control Register (GENCON, see 
SecUon 5.7.1). 

• General Status Register (GENSTAT, see 
Secuon 5.7.1), 

• Interrupt ConfiguraUon Register (INT CFG. see 
Secuon 5.8.4). 
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The following steps are a procedure for setting up 
the 82750PD interrtipt: 

1. Disable the 82750PD interrupt by setting the 
DINT bit (bit 6) in the GENCON register. 

2. Configure the interrupt for the appropnate 
bus type by wnting to the INT CFG register. 

3. Enable or disable the indi\nduai interrupt 
sources by wnting to the ccontrol register. The 
bits in ccorwot can be morutored by reading 
the csEorus register. 

4. Enable the 82750PD int^^t by clearing the 
DINT bit (bit 6) in the GE^[^N register. ' 

When an 82750PD interrupt oi^ars, the host CPU s 
interrupt handler can determine the source by 
reading the cintflag register. 



5.8 Configuration Registers 

The 82750PD has configuraUon (CFG) registers that 
are accessed indirectly through two host 1/0 
registers. This section contains bit descnpuons of 
the CFG registers and describes how to access them. 

The CFG registers are accessed indirectly through 
the CFG Register Number Register (CFGNUMl at 
REG6-BYTE0 and the CFG Dau Register 
(CFGDATA) at REG6-BYTE1. Table 5-32 lists the 
CFG registers and their numbers. 
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Table 5-32. CFG Register Numbers and Names 



CFG Register 
Number 


CFG Register 
Name 


CO 


General CFG 


01 


1/0 Base CFG 


02 


Bus CFG 


03 


INT CFG 


04 


SFBl CFGO 


05 


SFBI CFG1 


06 


EMS CFGO 


07 


EMS CFG1 



CFG Register | CFG Register 
flumtxr ' Name 



03 



09 



OA 



OB 



OC 



OD 



OE 



OF 



EMS CFG 



RESERVED 



reserve:: 



RESERVES 



RESERVED 



RESERVED 



RESERVED 
"-^yfcRESERVED 



To access a CFG register, foUow-^is'^quence: 

L Write the encoded CFG register number to the 
CFGNUM register {REG6-BYTE0). 

2. Read from or write to the CFGDATA register 
{REG6-BYTE1). The same CFG register can be 
repeatedly accessed via the CFGDATA register 
without wntmg again to the CFGNUM 
register. 



The CFGNUM register must be setup before 
accessing the CFGDATA register. Software may not 
access the CFGNUM register and the CFGDATA 
register in the same instruction. Table 5-33 and 5- 
34 show the structure of the CFGNUM and 
CFGDATA registers. 
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Table 5-33. CFG Register Number Register 



Mnemonic: CFGNUM 
Access: R/W 




Address: REG&-6YTE0 
Reset State: OOh 


Bit No. 


7-4 


3-0 


Name 


RSVD 


Rf3 o; 








Bit No. 


Name 


Oescrtptton 


0 


RO 


Brt 0 (ISB) of me CFG feqrster number — — 


1 


R1 


Bit 1 of the CFG reoister number -^r— * 


2 


R2 


Bit 2 of the CFG reoister number -iTi- 


3 


R3 


Bit 3 (MSBl of the CFG reoister number 


4-7 


RSVO 





Table 5-34. CFG Register Data Register 



Mnemonic: CFGDATA 
Access: aw 



Address: REG6-BVTE1 
Reset state* 



an No. 



31-0 



Thts IS not a physical register. 



Bft No. 


Name 


Description 


15-0 




This register holds the data that is read from or written lo a 
configuration register that is accessed via the CFGNUM reoister 
fREGS-BYTEO^ 
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5.8.1 General CFG Register 



Table 5-35. General Configuration Register 



Mntmonic: CFGGEN 



Address: CFG 00 
Reset State' 



Bit No. 1 7 


6 i 5-3 


2-0 


Nam* MTYP 


RSVD 


BTYP[5.31 


Diorzo] 



Deiermined by strapping options at reset. 



Bit No. 


Name 


O«scriotiafir_ — 


2-0 


D1D(2:01 


Device ID. These bits define the device^^tttw 82750PD Theot: 
values are determined from the confiqufaSbo-MPaps a: reset 


5^3 


BTYPt2:01 


Bus Typo. These bits reflect the bus type.n>»e brt values are 
detemiined from the configuration straps at reset Strapping 
mtormaiion is orven m the data sheet 


6 


RSVD 




7 


MTYP 


Memory Type. This bit reflects the memo^ type The value is 
determined from the configuration straps at resei Strapping 
intomnation is aiven in the data sheet 


5.8.2 I/O Base CFG 




Table 5-36. I/O Base CFG Register 


Mnemonic: CFGBASE 


Address: CFG 01 
Reset State: See bit detinitions 


Bit No. 


7-0 


Name 


IOB[7:0] 




Bit No. 


Name 




7^ 


lOBRO] 


These bits indicate the state of the IO_BAS£ "POS' field See Section 
5.2. "Host iniertace Address Configuration' for how these bits are 
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5>8.3 Bus CFG Register 

The 82750PD has a Bus CFG Register (CFGBUSl 
the structure shov^Ti in Table 5-37. Following this 
table are tables describing the CFGBUS register 
contents for each bus type supported by the 82750PD. 

Table 5-37. Bus CFG Register 

Mnamonic: Cf GBUS Address: CFG 02 



Access: R/W 


— Reset State: 00 h 


ettNo. 


I 


7-0 


Name 


BCFGf7:0] -31,.^." 




Bit No. 


Name 


Description 


7^ 


BCFG[7 0] 


These configuration bits depend on tne bus type 



Untversal Host Bus Interlace 



ISABCFG(7:01, Table 5-38 descnbes the bus 
configuration bits for the ISA bus. The default ISA 
configurauon runs standard 8-bit memorv* cycles and 
standard 8-bit I/O cycles. Zero wait state and IS-bi: 
cycles are turned off. 



Table 5-38. Configuration Bits for the ISA Bus. 



nit Ma 

Dn no. 




Description 


0 


BCFG(0] 


Setting BCFG{0] disables the aadmonjof i^ari states wnen r.e 
host writes fields that aftect the addre£l«coder 


1 


BCPG(11 


SetDng BCFG11] enables the ssuanccS^fci^Sie This etlec:veiy 
enables 16-bit memory cycles. (The SsSBtKtis &-btt memory 
cvctes ) Bits 1 and 4 must have me same value 


2 


BCFG[21 


Senng BCFG[2] enables the insertion of one addmonal MCLK 
penod in the time necessary tor a command to be recocnizeo as 
active 


3 




Setting 6CFG{3] enables the ssuance of NOWS This etfect^ery 
enables compressed cycles 


4 


BCFG(4] 


Setong BCFG[41 enables the issuance of 1016 This effectively 
enables 1&-bit I 0 cycles. (The default is 8-btt I/O cycles ) Bis i 
and 4 must have the same value 


5 


BCFG(5] 


6CFG{5] must always be clear (Setting this bit may hang re 

system.) 


6 


6CFG{6] 


BCFqS] must always be dear (Setting this bit may hang the 
system ) 


7 


BCFGfT] 


BCFGf?] must always be aear (Setting this bit may hang re 
system ) 
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EISA BCFG17:0). Table 5-39 describes the bus 
configurauon bits for the EISA bus. The default EISA 
configuration runs single standard 32-bit memon- 
cycles and single standard 6-bit I/O cycles uith 
rescinding output buffers. Compressed, burst, and 
16-bit I/O cycles are turned off. 



Table 5-39. Configuration Bits for the EISA Bus. 



Bit No. Kame 




0 


eCFG(01 


Setting 6CFG[0) disables the ad^jtevof^ajt s*^tes wnen tne 
host wntes ftekte that affect the aaie«s'oeco<3e' 


1 


eCFG[1J 


Semng BCFGti] enables issuance of SL6URST for wnte cycies 
This eftectivety enables wme burst cydes 


2 


BCFGi2] 


Setting BCFG{2] enables issuance of SLBUF^ST tor reao cyc:es 
This effective^ enables read burst cvctes 


3 


eCFG[3I 


Setting BCFG[3] enables me issuance of NOWS This effecr^ety 
enables comoressed cycles 


4 


8CFG{4) 


Setting BCFG{4) enables issuance of 1016 This effectively 
enables 16-bit 1/0 cycles, (The default is e-bt i/O cvdes ; 


S 


BCFG(5i 


Setttno BCFGfSl disables the use of resondmo cutout t^ttB'■% 


€ 


BCFG[61 


BCFG[6) must always be dear/ Setong this bit may hang ne 
system 




eCFGr?] 


BCFGfT] must always be dear Semng m<s bit may hang 7)e 
system 
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PCI BCFG(7:01. Table 5-40 descnbes the bus 
configurauon bits for the PCI bus. The default PCI 
configuration runs single memon* cycles and I/O 
cycles. (STOP is generated after the first data cycle t 
If the master generates a non-burst cycle, a read 
executes in a minimum of 4 clock penods. and a -ATite 
executes m a minimum of 3 clock penods. Burst and 
2-clock \^Tite cycles are turned off. 



Table &40. Configuration Bits tor td£^ F^l Bus 



Bit No. 


Name ! Oescriptiflirl 


0 


BCFGIO] 


Setting BCFGfO] disables t\e addmori bfwajt states wnen tr.e 
host wntes fields that affect the address decoder 


1 


BCFaMl 


Setting BCFG[1] enables burst wme cydes if this bit is ciear 
STOP ts issued after the first data =yde 


2 


BCFGf21 


Reserved 


3 


BCFGfSl 


Reserved 


4 


BCFG{41 


Setting BCFG{4] enables toggle-mode read burst cycles tt tnis 
brt rs dear. STOP is issued after the first data cycles 


S 


BCFG{5] 


Setong BCFG[5] enables incremenong read burst cycles If tr:s 
bit IS dear. STOP ts issued after the first data cvcies 


6 


BCFqS] 


SetDng BCFG[6] enables deaementing read burst cycies if this 
bit IS dear STOP rs issued after the first da'^a cvcies 


7 


BCFGfT] 


Setbng BCFGfT] allows address decoding and the generation of 
TROY in the same dock period that frame is asserted This 
etfectivetv enables two dock write cvcies 
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VL-BCFG [7:01. Table 5-41 descnbes the bus 
configurauon bits for the VL-Bus. The default \X-Bus 
configurauon runs single memory cycles and I/O 
cycles (BRDY is not generated). If the master generates 
a non-burst cycle, a read executes m a minimum of 4 
clocks, and a write executes m a minimum of 3 clocks. 
Burst and 2-clock wnte cycles are turned off. 



Table 5-41. Configuration Bits for the VL-Bus 



BHNo. 


Name 


DescriDtloa^|»-^. 


0 


BCFG(Oi 


Semng BCFG[0] disables (he addition ^^Sinates wnen me 
host wntes fields that affect the addre£sr<fooQ(jer 


1 


BCFG{11 


Setting BCFQ[1] enables burst wnte cycles. If tnis bit is aear 
BRDY ts not generated and write cvdes resoond with LRDY 


2 


BCFGf2) 


Reserved 


3 


BCFGfSl 


Reserved 


4 


BCFq4) 


Semng 6CFG(4] enables toggle mode read burst cyc^ it this oit 
IS clear. BRDY 6 not generated and read cyaes respond with 
LRDY 


5 


BCFG{5] 


Setting BCFG(5] enables the removal of the torceo address 
turnaround cydes on the multiplexed A/0 bus 


6 


BCFG[6] 


Setting BCFG[6] enables the removal of the forced data 
turnaround cycles on the multiplexed A/D bus 


7 


BCFGfT] 


Setting BCFGfT] enables the removal of the extra cycle inseaec 
to allow additional address decode time 



5.8.4 Interrupt CFG Register 

The Interrupt Configurauon Register (Table5-43) has 
bits for configuring the 82750PD interrupt. Table 5- 
42 lists the values of the VTP bit. which determines 
the interrrupt signal polarity, and the VIT bit, which 
selects a totem pole or open dram mterrupt output. 
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Table 5-43. INT CFG Register 



MfMinonic: CFGINT Address: CFG 03 

An^tt^: S»e bit descnptions. Reset State: Se« bit dcscfiptions. 



BH No. 


7 1 6 


5 


4 


3 1 2 1 1 1 0 


Name 


MEMEN 


lOEN 


I0B8 


HALT 


RSVD 1 VIP 


VIE 1 v;t 



Bit No. 


Name 


Description 


0 


MEMEN 


Memory Enable. Tbts FVO bit reflects me state ot tne MEM.ENABLE 
'POS' ftetd (See Section 5.2 for a descnotion ot this bit ) 


1 


lOEN 


l\0 Enable. This R/0 bit reflects the stalest tbfi lO.ENABLc PCS 
field (See Section 5.2 for a descnption urjpBTIH.) 


2 


I0B8 


I/O Base. lh\s R/0 bit indicates the statC9^9«^ bit ot the 
10 BASE PCS' field This bit is tatctied (luii! a Ui'ao dunna rese: 


3 


HALT 


HALT. This R/W bit is used lo control the B2750PD core Semrg 
HALT causes the PB core execu«on to halt Reset state « 0 


4 


RSVD 




5 


VIP 


VIP. Ths R/W bit ts the interrupt level potamy bit tor 82750P6 
Interrupts. If VIP s set, the interrupt is active high. If VIP is clear, the 
interrupt ts active low. Reset state - 0 


6 


VIE 


VIE This R/W bit B the tntenxipt level enable bit tor B2750PB 
tnterrupts. If VIE is set the PB interrupt is presented on the IRQ pin If 
VIE is dear, the PB interrupt is three-stated Reset state • 0 


7 


VIT ■ 


vrr. This R/W btt IS the Interrupt level t/pe bit tor 82750PB interrupts 
If VIT is set the PB interrupt s totem pole output If VIT is dear, the 
PB interrupt is ooen drain outDut Reset state - 0 



Table 5-44. Values of Interrupt Configuration Bits 



Bus Type 


MEMEN 


lOEN 


VIE 


VIT 


ISA 


1 


1 


1 


1 


EISA 


- ENABLE btt in 
P0S2 reqeter 


-ENABLE bit tn 
P0S2 reaister 


1 


^ 


Mkto Charge! 


• COEN bit (bitO) in 
P0S2 register 


. COEN bit (bttO) m 
POS2 reaister 


0 


0 


PCI 


- MEMEN bit (bit 1 ) in 
P0S2 reqister 


-lOENbit (bit 0) in 
POS2 reotster 


0 


0 


VL-Bus 


1 


1 


1 


1 
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5.8.5 SFBI CFG Registers 

Tables 5-45 and 5-46 show the Shared Frame Buffer 
Interconnect CFG registers. CFGSFB14 and 
CFGSFBI5. 



Table 5-45. SFBt CFG 04 Register 



Mn«monic: CFGSFB14 Address: CFG 04 
Acoss: R/W Reset State :00h 



Bit No. 


7 


6 1 5 


4 


3 






PAGE 


REFEN 


HCAS 


HLCH 


RSVD 


'US2SLr 1 MS2'. i MS20 



Bit No. 


Name 


Description 


2-0 


MSIZ12.-0) 


Memory Size. This 3-btt R/W field defines the size of tne Snared 
Frame Buffer (SFB). 

MS17T2^1 SFB Si2P 

0 10 1M6 (also configures SF6C as 32-bit) 

0 1 1 2MB 

1 0 0 4MB 
1 1 0 6M6 
1 1 1 SMB 

Atofe: All other values are illegal. (Illegal values proauce memory 
cyde and 'readvs' but the data is not Quaranteed 


3 i RSVD 






HLCH 


Half Latch. If this R/W bit is set the data latch ts dosed one-halt 
dock eartv 


5 


HCAS 


Half CAS. If this R/W bit is set the CAS signal is acnvaieo one-hait 
dock early 


6 


REFEN 


Refresh Enable. Settng this R/W bit enables the SFB interface to 
cause a CAS-before-RAS refresh cyde rn response to e2750PD 
refresh cvdes 


7 


PAGE 


Page. This bit determines whether the 82750PD leaves the SFB 
page open or doses it while the 82750PD owns the SFBl Setting 
thts bit leaves the SFB page open (RAS low) Cleanng this bit 
doses the SFB page fRAS hiah> 
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Table 5-46. SFBI CFG 05 Register 



Mnemonic: CFGSFBIS Address: CFG 05 

Access: R/W Resel State- 00 h 



BHNo. 


7 


6 


5 


1 4 


3 


1 2 i 1 ! 0 


Name 


MMPR1 


MMPHO 


QUASI 


! CCNT4 


1 CCNT3 


CCNT2 I CCNTl ! CCNT: 



Bit No. 


Name 


Description 


4-0 


CCNT14:01 


These 5-bit field that defines tne maximum numtser c* S-BZ 
docks (0 - 32) that the 62750PD ts allowed to issue tjerore giving 
up the SFBC in response to GRANT i>eing deasserted :f 
GRANT IS deasserted. the 82750PO con^t^t^ing the SFBC 
{(f It has any outstanding requests) until t^^issued the 
maximum number of docks. At the end dtfiiome inter^ai the 
827S0PD completes any current bus cydto ancHhen release the 
SFBC 


5 


Quasi 


This R/W Oit determines whether the GRANT signal from the 
SFBC arbiter is synchronous or asynchronous 

0 - Synchronous 

1 m Asynchronous 


7-6 


MMPR[1 01 


This 2-brt R/W field that defines the prionty the 82750PD uses 
when requesting the SFBC 

0 0 High Pnority 

0 1 Medium Priority 

1 0 Low Pnority 

1 1 No Pnority (ILLEGAL! It No Prionty ts programmed 
and any memory cyde is attempted, the B2750PD 
HANGS.) 



5-69 



Universal Host Bus Interface 



5.8.6 "EMS" CFG Registers 

The "EMS" CFG registers are m Secuon 5,4.2. 



5.8.7 Reserved CFG Registers 



CFG registers 09h-0Fh are Resented. These registers 
appear in the CFG register map (see Table 5-32). but 
no physical registers exist. Data wntten to these 
reserved CFG registers is ignored. JData read from 
, them IS undefined. 



Chapter 6 
SynchroLink 



6.1 Introduction 

The multimedia system can funcaon successfully 
only if the devices on the Shared Frame Buffer 
Interconnect (SFBI) are synchronized. For example, 
when the 82750PD has decompressed a frame for 
display, it should notify the graphi^BTOcessor that 
the frame is ready. In reply, the g^Sj^cs processor 
should signal the 82750PD when ^llfe finished 
writing the frame. SynchroLink is a^Se'nal t^-o-uire 
bus, which, together with the Synchrolink interface, 
supports these communications. 

Events that should be commumcatcd to devices on 
the SFBI are SFBI euents. A message regarding an 
SFBI event is sent in the form of a data packet on 
the SynchroLink. Figure 6-1 shows the connection 
of the 82750PD and two other devices to the 
SynchroLink. The bus acUviUes are directed by one 
of the devices, the arbiter, which invites each device 
in turn to transmit its message. 

The 82750PD wntes to registers m the SynchroLink 
interface to prepare a data packet that is sent over 
the SynchroLink . In return, data packets from 
other devices update the SynchroLink interface 
registers. Some incommg data packets generate 
meta-mtemipts, which arc sent to the 82750PD core 
\^a the four-wire, unidirecaonal VBUS. The VBUS is 
also connected directly to package pins for test 
purposes. 
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Figure 6-1. The SynchroLink with Devices Connected 



This chapter describes commurucaUons via the 
SynchroLink. Sections 6.2 through 6.4 descnbe the 
protocol for the bus communicauons and the 
registers in the SynchroLink interface. SecDon 6.5 
descnbes meta-interrupts and the \^US. 



NOTE; 

Sofiware developers should initicdize cdl 
registers prior to use. 
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6.2 Arbiter, Source, and Target 



Devices on the SFBI assume different roles when 
communicating over the SynchroLink. One dence is 
the arbiter, which provides a stable clock and directs 
the communicauons. The arbiter sends a senes of 
SynchroLink messages that mvite each dence. m 
turn, to use a brief time slot to send its message. 
Any device on the bus should be capable of 
functiomng as the arbiter. Dunng dence 
initialization, software designates one de\nce to be 
the arbiter. t^r" 

All devices on the bus monitor theSe^iiaaons from 
the arbiter. When a device recciv^s4l*m\ntauon, u 
can decline or it can choose to accept the inntauon 
and thereby become the source. The source is given 
temporary control of the bus to send a message. For 
example, a display processor can broadcast to all 
devices that it has just finished "pamtmg" the 
display screen from top to bottom. 

In a different type of message^ the source can 
request a service from a panicular device, the targe:. 
The target acknowledges that the request was 
received. In a subsequent message, the target 
becomes the source and sends a the requestmg 
device a reply saying that the service was performed 
successfully or unsuccessfully. For example, the 
82750PD could send a "Go Bit" request to the 
graphics controller and then receive a "Bit Done." 
The reply could be programmed to generate a meta- 
interrupt to the 82750PD core. (See Secuon 6.5 for 
a descnpaon of meta-interrapts.) 

The 82750PD SynchroLink interface is capable of 
sending messages to itself. If an outgomg message 
is detected as being a message that the 82750PD 
should receive, then it is received properK*. This 
loopback capability appbes to all types of messages 
and requires no special bit settings. 
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6,3 SynchroLink Data Packets 



This secuon describes SynchroLink daia packets, 
with auenuon to the roles of the arbiter, the source, 
and the target. Following subsccuons treat the data 
packets in more detail and descnbe how to program 
the SynchroLink registers to generate the desired 
data packets. 



6.3.1 Arbiter, Source, and Target Interactions 

A typical data packet, shown irrtlgiffe 6-2. begins 
when the arbiter transmits an iraatation. which is 
composed of a stan bit (bit 0) followed by a 3-bit 
identification number, the message ID, for the 
invited device. (Each device on the SynchroLink has 
a lanique message ED). The arbiter performs a switch 
over on cycle 4. leaving the bus in the de-asseued 
state. If the device with the matching message ID 
wants to send a message, it asserts an Imitauon 
Acknowledge (bit 5) to indicate that it is now the 
source and will commence transmission of a signal 
event (bits 6-13. 15-22). Bit 23 is a switch over bit 
that allows the arbiter to take over the bus and 
begm the next cycle of invitations. 
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In some cases, a signal event from the muted 
source reqmres an acknowledgment from the 
target (desunation device) of the signal event 
(see Figure 6-3). In this case, the Semce 
Acknowledge bit is dn\'en by the target at bit 
22 of the same packet. Bit 21 is then used as 
a switch over time for the source of the signal 
event to release the bus to the target. A semce 
request requires an acknowledgment because 
the target may have very limited queumg 
capabilities and may miss a signal event if it is 
too busy to accept the service request. If a 
request is not acknowledged, thcTeffiiester can 
retry each time it is invited to use^fc^iius until 
the request is acknowledged. r^-.l" 
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Figure 6-3. Data Packet - Soiirce Accepts and Target 
Acknowledges 



A SynchroLink transaction requires one or two data 
packets (messages). If the source merely wants to 
infonn all of the other devices that it has performed 
some operation, one packet is sufficient. If Device X 
asks Device Y to perform a service. Device Y 
acknowledges the request in the first packet. In a 
second packet Device Y informs Device X that the 
semce is completed successfully or unsuccessfully. 
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Most of the time, the SynchroLink cames only 
circulating m^^tauons from the arbiter with no 
device actually accepting the imntaaons (see 
Figure 6-4). In these cases, the signal event 
pomon of the packet is skipped. It is the 
responsibility of each device on the bus to 
monitor the In\ntation Acknowledge bit of each 
mntauon to determine when to begin looking 
for the next start bit. 
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Figure 6-4. Data Stream - lavitatlon Not Acknowledged 



6.3.2 Data Packet Fields 

This secuon defines the data packet fields, which are 
illustrated m Figure 6-4 and described m 
subsequent paragraphs. 
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Figure 6-5. Data Packet Format 



Start Bit (bit 0). 



Message ID (bits 1-3). This field, written by the 
arbiter, contains the ID of the device that is innted 
to take over the SynchroLink. If that de^^ce accepts 
the in\itation. it becomes the source. 

SW (Switch over, bit 4). This is a switch over bit. 
The bus is de-asserted while control is transferred 
from the cLrbiter to the source. 

Invitation Acknowledge (bit 5). The mv-ited de\ice 
sets this bit to acknowledge the invitauon and to 
announce that it has become the source. 

FCODE (bits 6-9). The function code, which is 
written by the source, specifies an action or a c\-pe of 
information. Of the sixteen possible funcuon codes, 
only two are predefined: service request and service 
comphetiorL These are described m Secuon 6.3,3. 
Software can defme other funcuon codes. 

Service Number (bits 10-13. 15-20). "Wlien the 
source asks a target device to perform a service, it 
wntes a service number to this 10-bit field. The 
senace number specifies two things: the target and 
the service to be performed by that target. 
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For Che S2750PD. the Match Semce Register (MSRV. 
see Secaon 6.4.8) specifies a range of values vn^Jun 
the 1024 possible values in the semce number field. 
The 82750PD monitors the ser\ice number of any 
senace request packet on the bus. If the stnict 
number is within the range specified by the MSRV 
register, the 82750PD is the target and must 
respond. From the specific value it determmes 
which service is requested to perform. Each of the 
devices on the bus recognizes us ovm umque range 
of service numbers. 

DATA (bits 10-13, 15-22 or 15^!^^' The dma field, 
which is wntten by the source.~ttipfaHies the bits of 
the semce number plus bits 21^:axid 22. However, if 
the source requires an acknowledgment from the 
target (as m the example of Figure 6-31. the data 
field is shortened to accommodate a switch over bit 
(bit 21) and an acknowledge bit (bit 22) from the 
target. 

Signal Event (bits 6-13. 15-22. or 15-201. The 
signal event is composed of the funcuon code and 
the data or the service number. Examples of signal 
events are in Table 6-1. 

SW (Switch over, bit 23). This is a switch over bit. 
The bus is de-asserted while control is transferred 
from the source to the arbiter or from the target to 
the arbiter. 
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Table 6-1. Examples of Signal Events 



Function Code (bits 6-9) 


Data rbits 10-13. 15-20)* 


Bit 21 


Bit 22 


Service Raques: « OEn 


A ten-b(t Service Numoer 
(bits 10-13 15-201 


Switcf. 
over 


Acunowtecce 
•-eceic: o* 
messaae 


Service Completton « OFh 


10-bii Service Numoer 


Unusea 


Service 


(always paired with service 
reauest) 






s-ccessTw' 


Audio Record Svnc * 


12*b(t Time Stamc 


Audio Playtsack Svnc * 


12-bit Time Stamp 


Graohics Scan Une Ccunt * 


12-bit Une Number 






Video Scan Une Count • 


12-brt Une Number 







• These examples have no predefined function codes 



6.3.3 Service Requests 



When a source dence wants another de^-^ce lo 
perform a senice. the source sends a service request 
data packet, which consists of the follow-ing 
elements: 

• a funcuon code: FCODE = OEh 

• a 10-bit semce number (bits 10-13, 15-201 

• a switch over bit (bit 21) to release the bus to 
the target. (The source de-asserts the bus and 
then releases it to a high impSrcteice suie.} 

The target sets bit 22 in the saine-data packet to 
acknowledge receipt of the semce request. Table 6- 
2 gives a detailed description of a service request 
data packet. 



&-10 



Table 6*2. Service Request Data Packet Definition 



Bitlsl 


Desenptton 




0 


Start Dit 

• Always set 

• Driven &y arbiter 

• All devices svncnronrze to tfie leaoino eoc 


ec? !his t't 


1-3 


Message ID 

• Driven dy arfiiter 

• This IS 1^e message to of the device that 
bfts 5-22. 

• Bit 1 IS tne MSB OT tne lu 


has controt ou;nc 


4 


Switch Over 

• First driven inactive by arbiter then reieas 
imoedance 




5 


tnvftaoon AcKrtowieoge 

• Set by the device wtth matching ID to mdi 
a stgnai event. 

• If not dnven this bit defaufts to "0' and bit! 


oatejbat it wtii seno 
. 6-23 are SKtooeo 




Function Code 

• Only transmitted if the invitation acknowlc 

• Bit 6 IS the MSB. 

• «OEh 


4ge was asserted 


10-13 


Service Number (most significant 4*bits) 

• Only transmitted if the tnvrtaoon acknowk 

• Contains the high 4^its of the lO-bit data 

• Bit 10 IS the MSB 


kdge was asserted 
field 


14 


Event in Progress 

• Only cransmmed il the invitation acKnowtc 

• Always set 

• Used only to prevent a 'break* (ten consi 
bemo buried in the sianal event 


»dge was asserted 
scutive *0' bits) from 


15-20 


Service Number (least significant 6 bits) 

• Only trar^smttted it the invitaDon acknowl* 

• These are the low 6 btts of the 1 0-bit date 

• Bit 20 IS the LSB 


^ge was assertec 
1 field 


21 


Switch Over 

• Cleared by the device with the matching 
hioh imoedance 


D then released ta 


22 


Sen/tce AcR 

• Set bv tne taraet to acknowiedoe receiot 


of the reouest 


23 


Switch Over 

• Cleared bv the taraet then released to h 


ah imoedance 
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6.3,4 Service Completion Message 



A service completion message is a reply from che 
dence that received the servace request to the dence 
that sent the request, A semce compleaon data 
packet consists of these elements: 

• A function code = OFh 

• The same 10-blt service number that was in 
the semce request. This mdicates that the 
target is responding to that semce request. 

• An unused bit (bit 21). "^Zl 

• A Semce Successful flag (bit ^-Indicating 
that the service was performed successfully { = 
I) or unsuccessfully ( = 0). 

Table 6-3 gives a detailed description of a semce 
completion data packet. 



3 
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Table 6-3. Service Completion Data Packet Definition 



Bitfs) 


Deschptton 


0 


Star: bn 

• A(ways set 

• All devices synchronize tc tne leading ecge ct Tits C'*. 

• Driven bv me arbite' 


1-3 


Message ID 

• Indicates which device has control ouring bits 5-22 

• Sit I IS tne MSB of the ID 

• 0-7 {bits 1-3 - 000-1 1 1 } are available as vatto rressaae r 

• Dnven bv arbiter 


4 


Switch Over 

• First driven inacove by arbiter then releasdO IQ higr. 
tmoedance 


5 


ihvoation Acknowledge -V- '~ 

• Set by the device with matching ID to indicatft-ttiat it wii; senc a 
signal event 

• If not set. this bit defaults to "O' and bits 6-23 are sk coo" 


&-9 


Function Code (high byte) 

• Only transmitted if the invitation acknowledge was asserted 

• Bit 6 IS tne MSB 

• « OFh 


10-13 


Sennce Number (most significant 4-bits} 

• Only transmitted it the invitaBon acknowledge was assened 

• These are the high 4-bits of the lO-bit data field 

• Bit 10 IS the MSB 


14 


Event in Progress 

• Only transmitted if the invitation acknowledge was assenea 

• Always set 

• Used only to prevent a "break" (ten consecutive "0 b.tsi tron 
beino buried in the sionaJ event 


15-20 


Service Number (least significant 6 bits > 

• Only transmitted if the invitaoon acknowledge was asserted 

• These are the low 6-bits of the lO-bit oata field 

• Bit 20 IS the LSB 


21 


Unused 

• Only transmitted it the invitation acknowledge was asserted 

• The value of this bit is a 'dont care ' 


22 


Service Successful 

• Only transmtned it the invitaDon acknowledge was asserted 

• Set by the target of the request if the service was performed 
successtutiv 


23 


Switch Over 

• Cleared by the device with the matching iD then released to 
hioh impedance 
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Table 6-4 descnbes the data packet for a broadcast 
message. The source can select a funcuon code 
value in the range OOh-ODh (i.e.. any value other 
than those for a service request (OEhi or a service 
compleuon (OFh)). A broadcast message can be 
received by any dencels) that are set up to receive 
the same function code value (see Secuon 6.4.31. 
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Table 6*4. Other Function Code Data Packet Definition 





Description 


0 


Stan Di: 

• Always set 

• Alt oevices synchronize to trie leading edge riis c:: 

• Driven bv arotter 


1-3 


Message ID 

• Indicates wnich device has control during bits 5-22 

• Bit 1 IS the MSB of the ID 

• 0-7 {bits 1-3 » 000 - 1 1 1 ) are available as vaiic message ! 3s 

• Driven bv tne arbiter 


4 


Switch Over 

• Cleared bv the arbiter and then released tc r^toh imoedance 


5 


Invitation Acknowledge - - 

• Set by the device with the matching 10 to tn^s^trQ^at it wii; 
send a signal event \zf - ^ 

• If not set this bit defaults to '0* and bits 6-2i are^kiooed 


6-S 


Function Code 

• Only transmitted if the invitation acKnowiedge was assertec 

• ■ Bit 6 IS the MSB.. 

• The value is m the ranoe OOh-ODh 


10-13 


Signal Event (most significant 4-bits] 

• Only transmitted if the invitation acKnowiedge was asserted 

• Contains the most significant 4'bits of the data field 

• Bit 10 IS the MSB 


U 


Event m Progress 

• • Always set 

• Used only to prevent a "break" (ten consecutive *0' btts^ frorr 
bemo buned tn the sional event 


15-22 


Signal Event (low byte) 

• Only transmitted if the invitation acKnowiedge was zssenec 

• This IS least significant byte of the data field 

• Bit 22 ts the LS8 


23 


Switch Over 

• Cleared by the device with the matching ID and then released to 
high impedance 

* A start bit can begin m the next dock cyde to inmate anoT^er 
invitatjon 
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6.4 SynchroLink Registers and Operations 



This secDon describes the SynchroLink operauons 
and the SynchroLink registers. The first subsecuon 
introduces the registers. Followong subsecuons give 
more detailed descnpuons of the operauons and the 
associated registers. 



6.4,1 SynchroLink Registers 



The SynchroLink interface includfes^alxtecn registers 
that control the SynchroLink op^gfions. These 
registers, listed in Table 6-5. a^^■^I^ped into the 
82750PD memory address space (see Table 2-1). 
where they can be accessed by the 82750PD core 
and the host. 
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Table 6-5. SynchroLink Register Map 



Register Name | Mnemonic 


Memory Address 


Transceiver Register ! XCVRO 


OOFF0OOCWX)FF00C3 


1 XCVR1 


0OFF0OO4^FF00C7 


XCVR2 1 OOFFOOOa-OOFrOOGE 


I XC VR3 1 OOFFOOC t -C0F=OOOF 




XCVR4 


OOFrCCi:-:C=rOC13 




XCVRS 


OOFFOCIA-OC'rCOl" 




XCVR6 


O0FFOO18-00F=CX;iS 




XCVR7 


CX)FF001C-00FF001F 




XCVRS 


0OFFOO3PWTO023 




XCVR9 


ooffoq^«Sfoo2* 


i XCVRA 


CX)FF0028Haa=FO02B 




XCVRB 


OOFFOO2C-OOFF0O2F 


Message Status Register 


MSTATUS 


00FF003&O0FF0033 


Receive Service Reaister 


RSRV 


OOFF0034^Fr003: 


Match Sen^ice Register 


MSRV 


0OFFOO38-O0FFO03B 


Message Configuraton Register 


MCFG 


0OFFCX)3C-OOFr003F 


Reserved 




00FF004<VCX)FFFFFF 



The Transceix'cr Registers {XCVRn. n = OOh-OBhl 
perform and control operations, provide status 
information, and hold received data or data to be 
sent over the SynchroLink. 

The Message Status Register (MSTATUS) provides 
informaUon on the status of all of the XC\T^n 
registers. The Match Service Register (MSRV) 
defines the range of service numbers to which the 
82750PD should respond. The Message 
Configuration Register (MCFG) is used to configure 
the SynchroLink interface and to specify the use of 
the internal VBUS, 
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6.4.2 Transceiver Registers (XCVRn) 

All of the Transceiver Registers have the formal 
shown in Table 6-6. The paragraphs foUo^^mg 
descnbe the register bits. Comprehensive bit 
descnpcions are in AppendLx A. 



NOTE; 

Software developers should iniaoLize all 
registers prior to use, 

Table 6-6. Transceiver Registers^" 



Mnemonic: XCVRn. n s 00h-4)Bh Address: 0OFFOOO0h-O0rFO02Fh 

Access: Reset State: See bit descnptons. 



Bit No. 


31 


30 


29 


28 


27 


26 


25 


24 


Name 




RXEN 


B1NT2 


RSVO 


CINT 


BINT 


NINT 


TXINT 



Bit No. 


23-22 


21 


20 1 19 


18 1 17 1 16 


Name 


RSVD 


EXTRA 


SUCCESS 1 COMPLETE 


fmatchI nackI TXIF=^ 



Bit No. 


15—12 


n-<3 ! 


Name 


FCOOE 


DATA 1 



DATA (bits 1 1-0; uninitialized at reset). These bits 
correspond to the data bits in the data packet 
(packet bits 10-13, 15-22). When the register is in 
the broadcast transmit mode (RXEX = 0). sofcw,*are 
can WTite these bits. When the register is m the 
broadcast receive mode (RXEN =1). hardware can 
v,Tite these bits. 

FCODE (function code, bits 15-12: uruniUalized at 
reset). This field contains the function code. 

TXIPR (Transmit Initiate, bit 16: reset state = 0). 
Sofware sets this bit to imtiate a transmission, i.e. 
to wnte the FCODE and DATA fields onto the 
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SynchroLink. Hardware clears this bu when the 
transmission is complete, regardless of whether the 
transmission is acknowledged, 

NACK (Not Acknowledged, bit 17; reset sute = 01 
This bit is used only in a semce-request/senice- 
compleuon operauon (SMSG = 1). Hardware sets 
this bit in the source's register to mdicate that the 
target does not acknowledge the semce request. 

FMATCH (Funcuon Code Match, bit 16; reset state = 
0). This bit is used by a device that is in broadcast 
receive mode (RXEN =1). SoftvSere clears this bit 
when it begins listening for a cwain type of 
broadcast message (i.e., for a certain funcuon code). 
Hardware sets this bit to indicate that a message 
with the specified function code has been received. 
To listen for more than one function code, the dence 
must set up a separate register for each code 

COMPLETE (bit 19: reset state = 0). This bit is used 
only in a service-request /service -compleuon 
transaction (SMSG = 1). Software must clear this bit 
in the source's register when it transmits a service 
request (i.e.. sets TXIPR)< Hardware sets the 
COMPLETE bit when a corresponding compleuon 
message is received, i.e. when: 

• The FCODE in the service compleuon message 
is OFh. and 

• The service number (packet bits 10-13,15-20) 
m the completion message matches the semce 
number in the transceiver register that was 
used to send the service request. 

SUCCESS (bit 20: reset state = 0). This bit is set by 
hardware to mdicate that a service has been 
completed successfully. (When a service compleuon 
message causes the COMPLETE bit to be set, the 
value of the SUCCESS bit is latched from packet bit 
22 of the message.) 
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EXTRA (bit 21: reset state = 0). This bit is currenUy 
undefined. In a read operauon its sute is unlaio\^-n. 
It should be wntten as *0'. 



TXINT (bit 24). NINT (bit 25) . BINT (bit 26), CINT 
(bit 27), BINT2 (bit 29); reset state = 0 for all of 
these bits. Each of these bits enables the 
SynchroLink interface to generate a meta-interrupt 
in response to an SFBI event, i.e.. an e\^ent invohins 
a device on the SFBL Such an event is manifested 
by a bit being set or cleared m an XCVRn register. 
This bit activity causes the SyncbrqUnk interface to 
send a VBUS code to the 82750PI>£ore. pronded 
that the corresponding cnablingl-blf is set. Table 6-7 
lists the bit acavity in XCVRn that signals the 
occurrence of an SFBI event, the corresponding 
enabling bits in XCVRn, and the VBUS codes 
generated. Section 6.5 has further informauon on 
meta-interrupts and VBUS codes. SecUon 5.7 
describes the system of interrupts and meta- 
interrupts. 



Table 6-7. Enabling SFBI Events to Generate VBUS Codes 



Bit Activity in XCVRn Register 


Enabling Bit 
in XCVRn 


VBUS Code 


Hardware dears TXIPR brt (bit 161 


TXINT fbit 241 


V1C0DE 


Hardware sets NACK bit it^x^7) 


NINT fbit 251 


VICODE 


Hardware dears FMATCH bit fbit 18\ 


BINT fbit 261 


V1CODE 


Hardware dears COMPLETE bit fbrt 19) 


CINT fbrt 271 


V1C0DE 


Hardware sets FMATCH brt fbrt 181. 


BINT2 fbrt 291 


V2C0DE 



RXEN (bit 30) and SMSG (bit 31). This pair of bits 
controls the mode of this register. The RXEN bit 
detennines whether the DATA field of this register 
can be written by the 82750PD software or by the 
SynchroLink hardware. The SMSG bit determines 
whether the register is in the broadcast mode 
(send/receive) or the service mode (senrice 
request/ sendee compleuon). Table 6-8 lists the 



SynchroLink 



register control bits that are used for each of the 
transmit/receive modes. Note that while these bits 
have the same values for service request and semce 
compleuon. the two modes can be disunguished by 
the FCODE fields: OEh = service requescrOFh = 
service request. 



Table 6-8. XCVRn Register Modes 



Rtgtster Mode 


SMSG 


RXEN 


Register Control Bits 


Broadcast Transmit 


0 


0 


TX!PR TXINT 


Broadcast Recerve 


0 


1 


PMATChLBiNT BINT2 


Send Service Reouest 


1 


0 


TXIPR.TWNT NACK NtNT 


Receive Service Compieoon 


1 


0 


CINT. SJJCCESS. COMPLETE. 
EXTRA* 


Reserved 


1 


1 





Do not change the SMSG bit or the RXEN bit unless 
MSG.EN = 0 and DMSG.EN = 0 in the Message 
Configuration Register (see Section 6.4.9]. Changing 
the SMSG or RXEN bit when MSG.EN = 1 or 
DMSG.EN = 1 may corrupt a message on the 
SynchroLink. 

Table 6-9 shows the XCVRn registers in each of the 
four transmit/receive modes. The mode is 
determined by the SMSG and RXEN bits (along with 
the FCODE for service request and service 
completion). For any mode* the bits marked with an 
asterisk are operational: they funcaon accordmg to 
their bit descriptions. For a register read, the values 
of the shaded bits are meaningless. When the 
register is written, the shaded bits should be 
cleared. 
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Table 6-9. XCVRn Settings for the Four Message Modes 



Broadcast Transmit 



SMSG 


RXENiBINT2 


cintIbint 


NINT 


TXINT 


SUCCSS j CMPIT 1 FMATCH 1 NACK* "^ics 


0 










. 1 1 


1 • 


Broadcast Receive 


SMSG 


RXEN B1NT2 


CINT (bint 


NINT 


TXINT 


SUCCSS 


CMPLTI FMATCH i NACK 


TXiPR 


0 


1 1 • 
















Send Service 




SMSG)RXENiBINrr2 


cintIbint 


NINT 


txintIsuccss 


CMPUT 1 FMATCH 1 NACK' TXt»R 


, 1 0 1 . ; 




« 




: ,'1 , 1 ■ 




Receive Completion 


SMSG 


RXEnIb1NT2 


cintIbint 


NINT 


TXINT 


SUCCSS 


CMPLT 1 FMATCH 


NACKITXIPR 


1 


0 j 


* 1 .*■■•• .v. 




■:<^h 




* I 


■ 1 



■ For a register read, ttie value of this bit ts meaningless 
For a register wme. this brt must be cleared. 
« - This bit ts operational for this mode 



The XCVRn registers can generate multiple 
Simultaneous requests for transmission. The 
arbitration of these multiple transmission requests 
uses the fixed priority scheme given m Table 6-10. 
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Table 6-10. Priority of Transmission Requests 



Prionty 


Reqtsier 


Highest 


Currenoy Transmitting 
Reaister 


1 XCVRO 


• 


XCV-Rl 


• 












• 


XCVR9 


• 


XCVRA 


Lowest 


XCVRB 
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6.4.3 Broadcast Transmit Mode 



In broadcast transmit mode a de\ice transmits a 
broadcast message and detenmnes if the message 
was received. The broadcast message is 
charactenzed by its funcaon code and can be 
reccrircd by any de\ice with an XCVUn register that 
is set up to receive a message uith that same 
funcuon code. The broadcast transmit mode 
requires SMSG = 0 and RXEN = 0, as sho^\-n in Table 



The broadcast transmit mode tes"two states and c\vo 
transitions, which are characterized by the values of 
certain bits in the XCVRn register Figure 6-6 shows 
the states and transitions, and Table 6-11 shows the 
associated bit activity in the XCVRn register. 



Figure 6-6. Broadcast Transmit State Diagram 



6-8. 
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Table 6-11. Broadcast Transmission Bit Activity 



State transition 


Associated Register Bits 


Idle state 


TXIPR - 0 


Wan for Broadcast Send state 


rxiPR. 1 


SEND BCST Transition 


Software writes TX:?^ » ; 


ACK transmon 


Hardware drives TX'oc « 0 



The foDowing example illustrates a t>-pical 
prograronung sequence for transmitting a broadcast 
message. 

L Configure the register and, ferthis example, 
set the TXINT bit to enable Ife "corresponding 
mcta-interrupt. 

XCVRn 



Btt No. 


31 1 30 


29 


28 


27 


26 


25 1 24 


Name 


SMSG 


RXEN 


BINT2 


RSVD 


CINT 


BINT 


NINT TXINT 


Value 


0 


0 


0 


0 


0 


0 


0 1 1 



(Note: The choice of which (if any) meta-imerrupts 
to enable depends on the applicaUon. Setting the 
TXINT bit. which enables a meta-interrupt to be 
generated when hardware clears the TXIPR bit. is 
just an illustrauve example. Instead, you might set 
BINT or BINT2. or you could choose to enable none 
of the meta-interrupts. 

2. Wnte the FCODE and DATA fields into bits 
15-0. 

3. Initiate the transmit operation by wnting bits 
23-16 to set TXIPR, 
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BHNo. 


23-22 


21 1 20 1 19 1 18 ; 17 ! 16 


Name 


RSVD 


EXTRA 


succEssi coMPirrE 1 fmatch . nack ; tx'-= 


Value 


0 


0 


0 0 1 0 i 0 ! ^ 



4. Wait for a meta-interrupt: 

If TXIPR = 0. the transmission is complete. 
(Hardware clearing this bit generates the 
TXINT meta inteirupt) If TXIPR = L the meta- 
interrupt was not gencratcd^y this register. 

A new broadcast transmission can" then begm. 

The following notes may preclude confusion 
regarding the operation of the NACK bit and the 
FMATCH bit. 

1. Hardware may toggle the NACK bit in 
broadcast mode. However, the NACK bit has 
no significance in this mode and can be 
ignored. 

2. When the 82750PD is in broadcast transmit 
and broadcasts a message with a certain 
function code, hardware sets the FMATCH bit 
in ali transceiver registers ha\ing the same 
function code — mcluding the register that 
broadcasts the message. 



6.4.4 Broadcast Receive Mode 



The 82750PD can receive different types of 
broadcast messages, where each type is 
characterized by a unique funcuon code. For each 
type of message to be received there must be an 
XCVRn register set up with the correspondmg 
funcuon code. When a message with a function 
code X IS received, the data field bits m the packet 
are latched into the data field of the XCVRn register 
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that has X m the FCODE field. (The 82750PD 
Ignores messages wth funcuon codes not in its 
range.) The XCVRn register that receives the 
message vnih funcuon code X can be set up to 
mgger a meta-intcrrupt. 

The following example illustrates a t\-pical 
programmmg sequence to receive broadcast 
messages. 



1. Configure the XCVRn register to listen for 
broadcast messages bv wnong bits 31-24; 
XCVRn r- 



Bit Ho, 


31 


30 


29 


28 


27 


26 t': 


25 1 24 


Name 


SMSG 


RXEN 


B1NT2 


RSVD 


CINT 


BINT 


NINT i TXINT 


Vaiue 


0 


1 


0 


0 


0 


0 


0 1 0 



2. Write the FCODE bits (bits 15-12) with the 
function code for the type of message to be 
received. (When the 82750PD vmtcs to the 
register in this mode, the bits in the DATA 
field fbits 11-0) are "don't care": they are not 
wntten to the register.) 

(Writes to the FCODE field take effect in one 
82750PD core clock. Incommg messages are 
received, synchronized to the 82750PD core 
clock, and presented to this XCVRn register. 
If this register is written m the exact clock 
that a message is presented, then the "old'* 
contents of the register are used.) 



3.' Clear the FMATCH bit by writing to bits 23- 
16: 

XCVRn 



Bit No. 


23 


22 21 


20 


19 


18 1 17 1 16 


f4am« 


RSVD 


RSVOj EXTRA 


SUCCESS 


COMPLETE 


FMATCH 1 NACK | TXI?R 


Value 


0 


C 0 


0 


0 


0 olo 



6-27 



SynchroLink 



XCVRn 



Note that the FMATCH bit must always be 
cleared when a new funcuon code is wntten in 
broadcast receive mode. Otherwise, a 
message with the new funcuon code goes 
undetected. 

Enable the desired broadcast meta-mterrupt 
(BINT or BINT2) by wnting bits 31-24 (BINT is 
enabled in this example.). 



Bit No. 


31 


30 


29 


28 


27 


26 


25 1 24 


Name 


SMSG 


RXEN 


BINT2 


RSVD 


CINT 




NINT 1 TXIN* 


Value 


0 


1 


0 


0 


0 




C i C 



When a broadcast message with the selected 
funcuon code is received, the FMATCH bit is 
set, the DATA field is updated with the data 
from the packet and a meta-mterrupi is 
generated. At this point, the device should 
read the DATA field of the XCVRn register. If a 
second message of the same type amves, it 
overwrites the DATA field. 

The DATA field always contains the data from 
the most recently received message (with the 
specified FCODE). Software can determine 
that this register received a message by 
readmg the FMATCH bit. Software need not 
clear the FMATCH bit for the receipt of a new 
message (with the same FCODE ) to generate 
another meta-interrupt. However, to idenuf>' 
uniquely each message received by tins 
register, software must clear the FMATCH bit 
after each message is received and before the 
next message is received. 
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6.4,5 Sending a Request and Receiving a Completion 



When the 82750PD attempts to send a semce 
request, there are two possible outcomes: 

• The message is sent successfully (accepted by 
the target), and the 82750PD receives a science 
compleuon message. 

• The message is not acknowledged (NACKed). 

Either one of these outcomes occurs within 
approximate^ 21 ^s. The hardware does not pronde 
an automaac resend capability, k^^oftvt-are s 
responsibility to repeat the attempt' ic send. The 
hardware provides a one-shot attdnpt xo send a 
message: it is either sent or is NACKed, 

Service completion messages are a special class of 
broadcast transmit messages. After a device has 
received a service request and has completed the 
task, it sends a service completion message back to 
the device that requested the service. These 
messages are asynchronous and caimot be NACKed: 
they must be accepted. Each service compleUon 
message is paired with a semce request message. 
The XCVRn register that sends the senace request 
receives the senace compleUon. As a result, the 
number of outstanding service requests is then 
limited to the number of registers configured for 
service completion (a maximum of 12 XC\TRn 
registers with SMSG = 1 and RXEN = 0). Figure 6-7 
shows a state diagram for sending a service request 
and receivmg a senrice completion, and Table 6-12 
lists the bit activity in the XCVRn register. 
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r 




ACK 






Wait 10 







Figure 6-7. Send Serrice Request State Diagram 



Table 6-12. Send Service Request Bit Activity 



State/Transition 


Bit Values in XCVRa 


State- Idle 


TXIPR-0 


State wait to send service 
reouest 


TXIPR - 1. NACK « 0. COMPLETE « 0 


State NACKed 


TXIPR « 0 NACK . 1 COMPLETE - 0 


State' reoetved service 
compteDon 


TXIPR - 0, NACK - 0. COMPLETE - 1 


Transftton. SEND.SRV 


Software writes TXIPR • 1. NACK « 0. 
COMPLETE. 0 


Transition. ACK 


Hardware dnves TXIPR • 0 


Transition- NACK 


Hardware drives TXIPR • 0 NACK « i 


Transrton. RESEND_SRV 


Software wmes TXIPR - i . nack « o. 
COMPLETE . 0 


Transition RCV COMP 


Hardware drives COMPLETE « 1 


Transition: CLEAR.NACK 


Software wntes TXIPR « 0. NACK « 0 
COMPLETE m 0 


Transition. CLEAR.COMP 


Software wntes TXIPR - 0. NACK • 0. 
COMPLETE . 0 
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NOTE 

The register returns to the IDLE score after 
the service request has been sent, k is 
sofcivare's responsibility to "remembef thm 
a service request was sent and that a 
corresponding service completion is 
expected. 



XCVRn 



The following example illustrates a tM^icai 
programming sequence to transmit a semce request 
message and receive the semce compleuon 
message. 

1 . Configure the XCVRn register to -transmit a 
sennce request and receive a sersic* - 
compleuon by wntong bits 31-24: 



Bit No. 


31 


30 


29 


28 


27 


26 


25 


' 24 


Nanw 


S^4SG 


RXEN 


BINT2 


RSVD 


CINT 


BINT 


NINT 


! TXINT 


Valu« 


1 


0 


0 


0 


0 


0 


0 


i C 



2. Write the target ID and service number to the 
DATA field (bits 11-2). DATA field bits 1 and 
0 may be written with any value. Write OEh 
(the service request code) to the FCODE field 
(bits 15-12). 

3. Enable the service completion (CINT) and the 
NACK (NINT) meta-interrupis bv wnting bus 
31-24: 



XCVRn 



Bit No. 


31 


30 


29 


28 


27 


26 


25 


24 


Name 


SMSG 


RXEN 


BINT2 


RSVO 


CINT 


BINT 


NINT 


TXINT 


Value 


1 


0 


0 


0 


1 


0 


1 


0 



4. Imtiate the transmission by writing to bits 23- 
16 to clear the NACK. COMPLETE, and 
SUCCESS bits and to set the "DaPR bit: 
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Bit No. 


23 


22 1 21 1 20 


19 1 18 1 17 ! 16 


^4ame RSVD 


RSVOjEXTRAisUCCESslcOMPLETHj FMATCH i NACK 1 TXiPR 


Value 0 


olo|o ' 0 !o|of' 



5. Wait for a meta-intcrrupt. The pseudo code 
tliat follows descnbes the meaxungs of t±ie bit 
values and the acuons to taken. 

if TXIPR = 1 then the interrupt was not 
generated by this register 

else if NACK = 1 then go K) step 4 {must 

retry because the target was unable to 
accept the command) 

else tf SUCCESS = 1 

then the service was completed 
successfully 
else service was not completed 
successfully. 

Another attempt to send a service request and 
receive a service completion (using the same target 
ID and service number) can be executed by simply 
going to step 4. 



6.4.6 Receiving a Request and Sending a Completion 

The 82750PD can receive service request messages 
from other devices. An incoming service request is 
held in the Receive Service Register (RSRM. The 
82750PD reads this register, performs the requested 
service, and sends a service compleuon message to 
the ongmator of the service request. The followmg 
subsections describe the RSRV register and the 
operations for receiving a request and sending a 
completion. 
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Receive Service Register (RSRV) 

The Receive Semce Register (RSRVT holds a semce 
request message that amves from another de\-ice. 
The 82750PD reads the RSRV register to find oui 
what service it is asked to perform. The 82750PD 
must read the RSRV register to access the first 
service request before the RSRV register can accept 
a second semce request. If a second semce request 
arrives before the 82750PD reads the RSRV register 
for the first semce request, the second semce 
request is NACKcd. Table 6-13 shows the RSRV 
register. 

Table 6-13. Receive Service Register 



Mnemonic: RSRV Address: OOFf 0034--00FF0037 

Access: See bH descriptions. Reset State: See bit dcscnptions. 



BHNo. 


31-25 


24 


23-17 


16 


15-12 


11-2 ! 1-0 


Name 


RSVD 


IIP4T 


RSVD 


VAUD 


FCODE 


SERV_NUM 


RSVD 



SERV_NUM (Semce Number, bits 11-2: R/0, 
uninitialized by reset). This field latches the semce 
number (packet bits 10-13 and 15-20) from the 
received message. 

FCODE (Funcaon Code, bits 15-12: R/0: 
uniiutialized by reset). This 4-bit field alw-ays 
contains OEh (the semce request code) after a 
semce request is received. These bits are 
uninitialized by reset. 

VALID (Valid, bit 16; R/W: reset state = 0). This can 
be used by 82750PD core microcode or the host to 
determme if a completion message was received. 
The SynchroLink hardware sets this bit when a 
semce compleuon message is received and 
acknowledged. An incoming completion message is 
defmed as a message satisfying these cntena: 
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• The funcuon code (bits 6-9] = OEh (sendee 
request). 

• The semce number (packet bus (10-13. 15- 
20)) IS a recognized seruice number (see the 
Match Semce register (MSRM described m 
Secuon 6.4.8). 



If the message does not meet these catena, the 
VALID bit IS not set and the sennce acknowledge bit 
(bit 22) in the message packet is not set. 

The 82750PD core microcode jind the host can reset 
the valid bit, but wnting a 'T has no effect. If 
software clears this bit and hardware sets this bit in 
the same clock, the bit is cleared. . 

IINT (Incoming Message Interrupt, bit 24: R/W': 
reset state = 0). Setting this bit enables a NOT- 
VALID to VAUD transiUon (bit 6) to generate the 
VICODE VBUS code. 



Operations 



This section describes procedures for receivmg a 
service request and sending the correspondmg 
service completion message. 

Assume that the 82750PD uses one of its 
transceiver registers (denoted by XCVRX) to send a 
service request message to the 82750PD. The 
82750PD reads the semce request from its RSRV 
register, performs the semce. and sends a service 
compieaon message to the 82750PD. The 82750PD 
sends the service compieaon whether it was 
successful or unsuccessful m performing the 
requested semce. Note that the 82750PD hardw^are 
does not send the semce completion. The 82750PD 
software is responsible for sending the semce 
completion. 
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When the 82750PD receives the semce compleuon 
message, the COMPLETE bit is set in the XC\TLX 
register. If the service was performed successfuUv. 
the SUCCESS bit is also set in the XCVRX register. 

The foUowng example illustrates a cv-picai 
programming sequence where the 82750PD receives 
a service request and sends the semce compleuon. 
Before beginnmg this sequence, the S275CPD 
should configure a transceiver register (denoted by 
XCVRX) for a broadcast transmit operation isee 
Secuon 6.5.3). 

1 . Clear the VALID bit m the RSKV' register bv 
wnung OOh to bits 23-16. 

2. Enable the incoming message mterrupt (IINT) 
in the RSRV register bv writing 0 1 h to bits 3 1 - 
24. 

3. Wait for a meta-interrupt. When it amves, 
check the VALID bit If the VALID bit is set. a 
service request message has arrived. 
Otherwise, the meta interrupt was not caused 
by a service request message. 

(For the following steps, assume that the 
VALID bit is set.) 

4. Read the FCODE and DATA bits 15-0 from the 
RSRV register. (The FCODE should be OEh. 
the code for a service request.) 

5. Perform the service request as mdicated m the 
DATA field. 

6. Initiate the following broadcast trans rrvU: 
operation to send the service completion 
message. Register XCVRX is configured for 
broadcast transmit. 

a] Write OOh to bits 31-24 of the XCVRX 
register. 

b) Write the FCODE and DATA fields in bits 
15-0 of the XCVRX as follows: 
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Load the FCODE field (bits 15-12) wiih OFh 
(the service completion FCODE). 

Load DATA bits 1 1-2 with the lO-bu DATA 
field read from the RSRV register. 

(VrTien the data returned to the 82750PD is 
the same as the data that the 82750PD 
sent, hardware sets the COMPLETE bit in 
the 82750PD's transceiver register,) 

If the service was completed successfullv. 
set bit 0. (This causes the SUCCESS bit to 
be set in the 82750PD*s XCVRX register.) 

c) Set the TXIPR bit in the XCVTOC register bv 

writing Olh to bits 23-16. 

d) Poll the TXIPR bit until it is cleared by 

hardware. This indicates that the 
transmission is complete. 

7. Clear the VALID bit in the RSRV register bv 
writing OOh to bits 23-16. This allows the' 
hardware to accept another service request. 
As long as the VALID bit is set, incoming 
service requests are NACKed. 

At this point the 82750PD hardware is prepared to 
accept another service request (i.e.. prepared to 
recommence at step 3.) 



6.4.7 Message Status Register (MSTATUS) 

The Message Status Register, shown in Table 6-14, 
is a read-only register that provides status 
information on the XCVRn registers and the RSRV 
register. 



SynchroLink 

Table 6-14. Message Status Register 



Mnemonic: MSTATUS Address: O0FFO030rv-O0FF0033 
Aeeess: WO Reset Sale: OOh 



Bit No. 


31-25 1 24 


23-22 


21-20 


IMS ! 17-16 


Name 


♦ 0 


RSRV 
STAT 


XCVRB 
STAT 


XCVRA 
STAT 


XCVR9 XCVRS 
STAT STA-' 




Bit No. 


1V14 


13-12 


1M0 


94 


7-6 


5-4 


3-2 1-0 


Name 


XCVR7 
STAT 


XCVR6 
STAT 


XCVR5 
STAT 


XCVR4 
STAT 


XCVR3 
STAT 


XCVR2 

Stir 


XCVR1 1 XCVRO 
STAT 1 STA" 



XCVRn STAT (Transceiver Status). -This nxo-bic 
field reflects the status of an XCVRn register (n = 0 
1, ... 9» A, B). The definitions of these bits depend 
on the state of the SMSG bit in that register, as 
shown in Table 6-15. 



Table 6*15. Transceiver Status Bits and the SMSG Bit. 



SMSG 


XCVRn STATII] in the 
MSTATUS Reqtster 


XCVRn STATIC] in the 
MSTATUS Reqister 


0 


FMATCH 


TXIPR 


1 


NACKOR* COMPLETE 


TXIPR 



' Logical inclusive OR 



Software can monitor bit 0 of the XCVRn STAT field 
to determine if the XCVRn register has completed a 
transmission. In a broadcast receive situauon 
(SMSG = 0). software can monitor bit 1 to determme 
if the XCVRn register has received a message mth a 
function code that matches the function code in 
XCVRn. When XCVRn is waiting for a response to a 
service request, software can monitor bit 1 to 
determme if any response has been received i.e.. the 
request has been NACKed or the semce has been 
completed. 
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RSRV STAT (Receive Semce Status, bit 241. This 
bit reflects the state of the valid bit the RSRV 
register. 



6.4.8 Match Service Register (MSRV) 



When the 82750PD sees a service request message 
on the SynchroLink, it checks to see if the semce 
number falls within the range assigned to the 
82750PD, If it does, this is a recognized service 
number, and the 82750PD respon<fe-to the request. 
(A paragraph below defines a recognized semce 
number.) If the service number is not recognized, 
the 82750PD can ignore the service request. The 
Match Semce Register (sec Table 6-7) defmes the 
range of service numbers that the 82750PD 
recognizes. Software must not alter this register 
unless MSG.EN = 0 and DMSG.EN = 0 in the 
Message ConfiguraUon Register (defined below). 
Such an alteration may result m mcorrect message 
recepuon. 

Table 6-16. Match Service Register 



Mnemonic: MSRV 
Access: 



Address: OOFFOO38h-O0FF003B 



Bit No. 


31-25 


27-18 


17-16 


15-12 


11-2 1 1-0 


Name 


0 


SRV_MASK 


0 


0 


SRV_OATA j 0 
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SRV_DATA(Scmce Data, bits 1 1-2: uniniaalized by 
reset). The bus in this field are compared \viih the 
semce number bits that are selected by the 
SRV_MASK field. If the bits match, the received 
message is recognized, and the 82750PD responds 
to the request. 

A recognized service number is defined as a senice 
number that saasfies the followmg cntenon: 

(packet bit(10] = SRV_DATA19I) OR (SR\'.MASK[91=0) AND 
(packet bitill] ^ SRV_DATAI8I) OR (SRV.MASK(81=0) AND 
(packet bitI121 « SRV^DATAI?]) OR (SRy^MASK[7]=0) AND 
(packet bit! 131 = SRV_DATAI6D OR (SRy:>IASK16)=0) AND 
(packet bit! 15] = SRV.DATAISl) OR (SKV_MASKf5]=0) AND 
(packet bitliei = SRV_DATA141) OR (SRV.MASK(41«0) AND 
(packet bitI17] = SRV.DATA(31) OR (SRV_MASKI3]=0) AND 
(packet biUlS] « SRV_DATAi21) OR (SRV_MASK(21=0) AND 
(packet bit{191 = SRV.DATAIH) OR (SRV_MASK|11«0) AND 
(packet bitl201 « SRV.DATAIOJ) OR (SRV_MASK10)=0) 

SKV.MASK (Service Mask, bits 27-18: uniniUalized 
by reset). This field selects the bits of the semce 
number that are to be compared with the bits in the 
SRV_DATA field. If bit x m the SRV_MASK field is 
set, then bit x in the semce number is compared to 
bit X m the SRV_DATA field. 



6.4.9 Configuring the SynchroLink Interface 

The SynchroLink interface and the mtemal VBUS 
are configured by writing to the MCFG register. The 
following subsecUons describe the MCFG register 
and give an example of a configurauon procedure. 

Message Configuration Register (MCFG) 

Table 6-17 shows the Message Configurauon 
Register (MCFG). 
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Table 6*17. Message Configuration Register 



Mnemonic: MCFG 
Acocss: R/W 



Address: OOFFO03C-0OFFO03F 



Bit No. 1 


31-28 


27-24 


23 


22-17 


16 


Name | 


V2C0DE 


vncoOE 


PROTECT 


C 


EXTVBUS 



Bit No. 


15-121 11 


10 


9 1 6 


7-6 i 5-4 ' 3 • 2-0 


Name 


RSV0|CLK^EN 


ARB.EN 


DMSG.EN 


MSG.EN 


RSVDjCLXDlvtaSVoiwSGJD 



MSG.ID (Message ID. bits 2-0: uninitialized by 
reset). This field defines the ID of the 82750Pb in 
the SvnchroLink protocol. 

CLKDIV (Clock Division, bits 5-4: reset state = 0) 
When the 82750PD is the arbiter (ARB.EN =1). 
these bits define the SynchroLink clock frequency 
(SLCLK) in terms of the SFBI clock frequence- (MCLK) 
as listed in Table 6-18. 

Table 6-18. SynchroLink Clock Frequency. 



CLKDIV Bits 


SynchroLink 
Frequency 

(SLCLK) 


Bit 5 1 Bit 4 


0 


0 


MCLK^ 


0 


MCLK/4 


1 


0 


MCLK/6 


1 


1 


MCLK/8 



MSG.EN (Message Enable, bit 8: reset state = 0). 
Setting this bit enables the 82750PD to send and 
receive messages. Clearing MSG„EN prevents the 
82750PD from sending or receiving messages. 
However, it does continue to monitor the 
SynchroLink to identify message start bits. The 
effect of changes m the MSG.EN bit do not take 
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efifect until a break (ten consecuuve '0' bicsj on Lhe 
SynchroLink is detected. This prevents a change 
from occurring in mid-message. Sofware should 
use the DMSG.EX bit to determmc when the 
82750PD responds to changes m the MSG.EN bit. 

DMSG.EN (Delay Message Enable, bit 9: reset state 
= 01 The value of this R/0 bit foDows the value 
wntten to the MSG.EN bit. However. DMSG.EN 
changes state only when the actual status of the 
82750PD changes. (The actual change m status is 
delayed unUl the next break (ten consecuuve '0' bits) 
on the two wire bus after a chan^ in the MSG.EN 
bit.) By wnting the MSG_EN bit tod then polhna 
the DMSG.EN bit software can determine when the 
change has occurred. 

ARB_EN (Arbiter Enable, bit 10; reset state = 01. 
Setting this bit defines the 82750PD as the arbiter 
for the SynchroLink. i.c.. the 82750PD polls the 
devices for requests to use the SynchroLink. For 
ARB.EN = 0. the 82750PD does not poU for requests 
from other devices. 

CLK.EN (Clock Enable, bit 11: reset state = 0). 
Setting this bit causes the 82750PD to dnve the 
SvnchroLink clock at a frequencv specified bv the 
CLKDIV bits (bits 5-4). 

EXTVBUS (External VBUS, bit 16: reset state = 0). 
Setting this bit enables the 82750PD VBUS to be 
dnven from the external VBUSIN pins of the chip. 
Do not select this mode unless the host bus r\-pe is 
ISA or PCI. Furthermore, do not select this mode if 
you want to allow meta-mterrupts to the 82750PD 
core. If the EXTVBUS bit is set. the VBUS codes 
generated by the SynchroLink interface are not 
dnven to the 82750PD core. Instead, the states of 
the external VBUSIN pins arc dnven to the core Ma 
the VBUS. 
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PROTECT fProtect. bit 23: reset state r 0). 
Setting/cleanng this bit disables/enables further 
uTites to this register. Dunng normal operauon, 
this bit can be cleared only by writing bits 31-24 
with data that matches the data already m bus 31- 
24, Reading this bit always returns '0\ even if the 
bit is set. 

VICODE (bits 27-24: uniniUahzed by reset). These 
bits defme the code to be driven onto the S2750PD 
core's VBUS in response to a mcta- interrupt in the 
VICODE group (see Secuon 6.5).,^ 

V2C0DE (bits 31-28: uniniUalized fay reset). These 
bits defme the code to be dnven onto the e2750PD 
core VBUS m response to a meta-mterrupt in the 
V2C0DE group (see SecUon 6.5). 

Configuration Procedure 

The foDowing example illustrates a typical 
programmmg sequence for configunng the 
S)mchroLink interface. Software must confirm thai 
no transmission requests are pending on the 
SynchroLink (i.e., TXIPR = 0 in all transceiver 
registers) and that all expected compleuon messages 
have been received. 

1. Clear the MSG.EN bit without changmg the 
states of the other bits in byte 1 (bits 15-^8). (If 
the 82750PD is the arbiter, and the CLK.EN and 
ARB.EN bits are cleared, a break never occurs 
on the SynchroLink, and the DMSG.EN bit is 
never cleared. If another device is supplying the 
clock signal, the CLK.EN bit can be clear.) 

2. Poll the DMSG.EN bit until it is clear. 

3. Examme all registers for any "last minute" 
messages that might have been received. 
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4. Assign the 82750PD its message ID bv v.-nana 
the MSG.ID bits. 

5. Configure the VBUS codes bv \\Tiane the 
VI CODE and V2C0DE bits. 

6. Specify an intemaJ or externa] VBUS source by 
wnting the EXTVBUS bit. 

7. Select the desired transceiver register modes by 
writing the SMSG and RXEN bits m all 
transceiver registers (XCVRn, n = Olh - OBhK 

8. Enable the 82750PD to send and recen-e 
messages by setting the MS&JN bit without 
changing the states of the other bits in byte 1 of 
the register 

9. PoU the DMSG.EN bit. When it is set. the 
SynchroLink interface is configured- 



6>5 Meta-lnterrupts 

The 82750PD has an interrupt system composed of 
intenrupts and meta-interrupts. The interrupts are 
described in Section 3.14. This section covers meta- 
interrupts. The combined system of interrupts and 
meta-mterrupts is described in Section 5.7. 

Some events that originate from devices on the SFBI 
are of special interest to the 82750PD. For example, 
the 82750PD should be informed when the capture 
device has a frame that is ready for compression. 
Such events alter registers in the SynchroLink 
interface. Although the 82750PD sofrw^are could 
poll these registers to detect the event, a meta- 
interrupt can signal the 82750PD core directly (na 
the VBUS) when the event occurs. 
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Meta-tntemjpts are a mechanism for noaf>-ing the 
82750PD core of certain events associated v^ith 
devices on the SFBI without causing an 82750PD 
interrupt to the host. When an SFBI event occurs, it 
sets or clears a register bit m the SynchroLink 
interface. At the programmers discreuon. that 
change in the register causes a signal to be sent over 
the VBUS to the core, where the signal alters the 
core registers /cm and/ or Icm. To discover the 
occurrence of a meta-interrupt, the core microcode 
must poll these registers. 

Table 6-19 lists the SFBI everitg-U.e.. events that can 
be programmed to generate mctaf-interrupts to the 
82750PD core), the efifect of each event on registers 
m the SynchroLink interface, and the register bit 
that enables the meta-interrupt. 
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Table 6-19. Enabling Meta-tnlerrupt Events to Generate VBUS Codes 



SFBI Event 


Effect on Event 
SynchroLinfc Interface 
Reqisters 


Enabling Bit 


The 82750PD has recerved 
and acknowtedged an 
incoming service request 
messaqe 


Hardware sets VAUD ! liNT (bi: 2i) m 
(brl 16) in RSRV register { nSRV register 

\ 


A message transmission is 
compieie 


Hardware ctears TXIPF 
{brt16) in XCVRn 
reqister 


TX'N' ;t).T 24) in 
XCVRn register 


A service request trom the 
82750P0 was not accepted by 
the taraet device 


Hardware sets NACK 
(bit 17) in XCVRn 
reqister 


=fiiWT (bit 25^ iri 
:3CCVR/7 register 


A device That was sent a 
service request by the 
82750PD has replied 


Hardware sets 
COMPLETE (bit 19) in 
XCVRr> reqister 


CINT (bit 271 tr 
XCVRn registe' 


The 82750PD has recerved a 
broadcast message with a 
certain function code * 


Hardware sets 
FMATCHIbrt IS) m 
XCVRn reqister 


BINTfbit 26 MR 
XCVRn register 


The 82750PD has reoetved a 
broadcast message with a 
certain (uncnon code * 


Hardware sets 
FMATCH(brt 18) m 
XCVRn reqister 


BiNT2 (bit 29) in 
XCVRn register 



* These events are idenocal, but the meta>tnterrupts are enabled by different bits 
and generate different VBUS codes 
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Appendix A 
82750PD Registers 



This appendix contajuis tables of the 82750PD 
registers. Informauon in the tables includes the 
register name, its mnemonic, the address, the 
read/ write access, the reset value, and the bit 
descriptions. The registers are listed m the 
alphabeucal order of the mnemonics. 

82750PD core registers that consi^<rf a smgie field 
have been excluded. The mncmonfcSs for these 
registers arc listed in Table A- 1 . * 



Table A*l. 82750PO Core Registers Excluded trom Appendix A 



Cor* Registers 


alu 


•outN:N - ).2 


cnt cnt2 






pixini 








shtn 


fcnt 


shfft-r t ri 


rN-rt/ ln^4Wo•N - 1,2 


StAt-C 


•/nN-N » 1 2 


stat'ht stat'to 


lent 


sear-ram 




*St3t 


ouft^'hi out^-lo U w 1 2 


•staw 
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Table A-2. EISA P0S3 Register 



Mnemonic: BASE 
Access: W^O 



Address- OzCBSEh* 



Bit No. 


0 


Name 


I0B[7 0] 






Bit No. 


Name 


Oescrtption 


7-0 


IOBr7:01 


IOBr7-01 - I/O Basef? OT" 



z in the Address fieio denotes slot-dependent bits. 

If I0_BASE(8] . 1 . the reset state corresponds to lO_START . x^^EAh where x oeoercs or. T.e 
Device 10 (see Section £ 3) 

• I/O Base[B} is latched from straps or jumpers at reset. 



Table A-a. EISA P0S2 Register 



Mnemonic: BCNTL 
Access: W/O 



Address: 0zCS4h' 



BH No. 


7-1 i 0 


Name 


RSVD 1 ENABLE 






Bit No. 


Name 


Oescnption 


0 


ENABLE 


ENABLE - IO_ENABLE - MEM_ENABLE Clearing this Oi[ disaotes 
the host I/O registers and disables the "EMS" window even ii the 
EWE bit fbtt 0 in the CFG 06 reaisterl rs set 



' 2 in the Address field denotes slot-dependent bits 
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■|= 
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iC 
IE 

£: 

E 
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Table A-4. ALU Condition Code Register 



Mnemonic: 



Address' 



BH No. 


15-8 


7 


6 


5 


4 1 


3 


2 ■ 


1 


0 




RSVD 


MSB 


LSB 


Loop 
Counter 
Zero 


ALU 
Zero 


ALU 
Sign 


ALU 
Overflow 


Carry j 

Out 1 


0 



Bit No. 


1 

Name 1 


Descnptton 


0 




/R/'Ol This bit reads as '0' and ts unaffected by writes 


1 


ALU Carry 
Out 


ALU Carry Out (RW) The value of tfiis bit eqoals trie carry out of u^e 
most significant bit posmon in the ALU ThtsJrtVis "O* tor all logical 
ooeratjons - - 


2 


ALU Overflow 


ALU Overflow <R/W). The value of this bit is (ALU carry out' XGn 
(Carry in to mosx significant bit of ALU result) This bit is C tor ai! 
lodical ODeraoons 


3 


ALU Sign 


ALU Sign (R/W) The value of this bit is the most significant bit ct the 
ALU result 


4 


ALU Zero 


ALU Zero (R/W) This bit is set only tt all bits of the ALU result are "0 


5 


Loop Counter 
Zero 


Loop Counter Zero (R/O). This bit is set only if the value of the looo 
counter is 0* 


6 


rtJLSB 


fO LSB (R/O) The value of this bit is the value of the least significant 
bit of reaister fO 


7 


rt? MSB 


rO MSB (R/O) The value of this bit is the value of the most significant 
bit of reaister fC 


15-8 


RSVD 





' See A ar>d B bus addresses 
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Table A-5. Core Control Register 



Mnemonic: ccontroi 
Aec»ss:W'0 



Byle Ottsec lOOh 



Bit No. 


1 15 1 


u 


13 


12 1 


n-6 


Name 


1 CORE.EN 


RSVp 


PMON/FR2 


OSYNC 1 


RSVD 



Bit No. 1 7 I 6 1 5 


4 


3 1 Z i 1 1 C 


Name | £?L^ 1 0F1_M | RSVD 


RSVO 


VBLM j MCINTJ.' 1 STc? | KA^T 



Bit No. 


Name 


Descnption' ~ - 




0 


HALT 


Halt For CORE^EN - 1 . This bit antfiie STEP bit place me sore 


■& 






tn normal run moOe. single step mode, or me Halt state, as snown 
below- 






STEP HALT 
0 0 Nomial Run. 


c 






0 1 Halt 








1 0 Nomial Run 








1 0 Stn^te St6p (Core executes one instruction and 
halts. 


iC 


1 


STEP 


Step. For CORE.EN • 1 . th« brt and me HALT btt control me 








mnnma mode for me core. See me HALT bit above 


IC 


2 


MCINT_E 


Microcode Interrupt Enable. Setting mis bit enabtes me 
microcode interruc :ondit)on to interruot me core 


3 


VBI.E 


Vertical Blanking Interrupt Enable. Senng mis bit enables me 
vertical btanKirus interruot condition to interrupt me core 


id 


4 5 


qsvD 


Resewed 




6 


OFI.E 


Odd Field (ntemipt Enable. Selling mts bit enables me odd field 
interruot condition to tnterruDt me core 


c: 


7 


EFI_E 


Even Field Interrupt Enable. Semng mts btt enables me even 








field interruot condition to interruot me core 


tz 


11-^ 


RSVO 


Reserved 


12 


OSYNC 


Disable Synchronizers. Setting mts bit disables me 
synchronizers tor the HREQ«/HALEN« siona) 


IZ 

E: 


13 


PMON'FriZ 


Performance Monitor/Freeze. This bit determines which outout 
signal ts on me PMFRZtf pin. This bit is functional only for (SA and 
PCI buses 

1 - Output signal FRZ# is on PMFR2# pin 
C • OutDUt siona) PMON# (S on PMFRZ# p»n 



A«4 




82750PD Registers 



Table A-5. Core Control Register (Continued) 



14 


RSVD 1 Reserved 


15 


COR£,EN 


Core Enable. This bit must oe set tcr me core to ooerate ■: "us: 
&e set tor the core lo be m singie-step mooe or in tne Halt siate as 
welt toT normai runnino mode See *he HALT and STE^" fcits 



Table A-6. I/O Base CFG Register 



Mn«monic: CFGBASE 
Access: R/0 



Address: CFG 01 
Resgt State: See bit deftr\iticns 



Btt No. 



7-0 



Name 



IOB[7:0] 



Bit No. 


Name 


Oascnption 


7-0 


lOBp.O) 


These bits indicate the state of the 10 BASE *POS' field See Section 
5.2. "Host tnterlaoe Address Configuration' for how these bits are reset 
and/or chanced 



Table A-7. Bus CFG Register 



Mnemoruc: CFGBUS 



Address: CFG 02 
Reset State: 00 h 



Bit No. 



7-0 



BCFGR.Ol 



Bit No. 


Name 


Description 


7-0 


BCFGr7-01 


These confiouration bits deoend on the bus tyoe 
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Table A-8. CFG Register Data Register 



Mnemonic: CFGDATA Address: REGS-BVTEl 
Access: R/W Reset State' 



Bit No. 


31-0 


Name 




'This IS not a physical register 


Bit No. 


Name 


Desenption 


15-0 




This register holds the data that is read fromjir wnnen to a configuraticn 
reoister that is accessed via the CFGNUM reoister /REGS-BYTEC 



Table A*9. General Configuration Register 



Mnemonic: Address: CFG 00 
Access: R/O Reset State' 



Bit No. 


7 


6 


5-3 


2-0 


Name 


MTYP 


RSVD 


BTYP[5 3] 


DID[2 0] 



' Determined from strappina optons at reset 



Bit No. 


Name 


Description 


2^ 


01D[2:01 


Device ID. T>iese bits define the device ID of the 62750PD The bit 
values are determined from the confiquratton straps at reset 


5-3 


BTYP[2:01 


Bus Type. These bits define the bus type The bit vaiues are 
determined from the confiauraoon straps at reset 


6 


RSVD 






^f^YP 


Memory Type. This bit s set cf 4 Mb DRAM chips are useo in the 
SFB The bit is latched from a strao at reset ' 
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Table A-10, INT CFG Register 



Mnemonic: CFGINT Address: CFG 03 

Access: See bit descriptions. Reset State: See bt\ descfrptions. 



Bit No. 


7 1 6 1 5 i 4 


3 


2 • 1 1 0 


Name 


MEMEN 1 lOEN 


IOB8 1 HALT 1 TEST 


VIP 1 VtE j VIT 



Bit No. 


Name 


Description 


0 


MEMEN 


This R/O b(t reflects the state of the MEM^^gNABLE 'PCS' fieid 
rSee Section 5.2 for a descnpton of Ihts 


1 


lOEN 


T>iis R/O bit reflects the state of the lO.EfJABLE 'PCS fieia ■ S&e 
Section 5 2 for a descnotion of this bit \ 


2 


IOB8 


This R/O bit indicates the state of the 9ih bit of the IO_BASE PCS 
field This bit IS latched from a sirao dunna reset 


3 


HALT 


This R/W bit IS used to control the 82750PD core Sening HALT 
causes the P6 core execution to halt Reset state » 0 


4 


RSVD 




5 


VIP 


This R/W bit IS the interrupt (eve) polanty bit for 82750PB mterruots 
tf VIP is set the tntemjpt is active high. If VIP s dear, me interruc: 
IS active tow Reset state « 0 


6 


VIE 


This R/W bit IS the Interrupt level enable bit for 82750PB intermpts 
If VIE IS set the PB interrupt is preserited on the IRQ pin U VIE is 
dear the PB internjot is three-stated Reset state « 3 




VIT 


This R/W bit IS the Interrupt level type bit for 82750PB interrjcts if 
VIT IS set. the PB interrupt is totem pole output It VIT is dear me 
PB interrupt is open drain output Reset state - 0 



Table A-12. SFBI CFG 04 Register 



Mnemonic: Cf GSFBI4 
Access: B/W 



Address: CFG 04 



Bit f4o. 


7 


6 


5 


4 


3 ! 2 1 1 ' 0 


Name 


PAGE j REFEN | HCAS 


HLCH 


RSVD 1 MS22 MS2: i MS2C 



5ft No 


Name 


i/vsdi p lion 


2-0 


MSlZ[2-0] 


Memory Size. This 3-bit R/W field detioes tne size of tne Snarec 
Frame Buffer (SFB) -t; 

0 10 1MB (also configures SFBC as 32-bit: 

0 1 1 2M6 
10 0 4MB 

1 1 0 6MB 
1 1 1 8MB 

Note: Alt other vaiues are tflegai. (tliegai vaiues produce memory 
cycte arjd 'readvs' but the data is not puaranteed 


3 


RSVD 




4 


HLCH 


Half Latch. If this R/W bit ts set. me data latcn ts aosed one-naif 
dock earty 


5 


HCAS 


Half CAS. If this R/W bit IS set the CAS signal is accvated one-nalt 
dock eartv 


6 


REFEN 


Refresh Enable. Setting this R/W bit enables the SFB mtertace to 
cause a CAS-before-RAS refresh cyde in response to 82750PD 
refresh cydes 




PAGE 


Page. This bit determines whether the 82750PD leaves the SFB 
page open or doses it white the 82750PO owns the SFBi Setting 
this brt leaves the SFB page open (RAS low) Clearing this bit 
doses the SFB oaae (RAS hiohl 
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Table A-13. SFBI CFG 05 Register 



Mnemonic: CFGSFBI5 Address: CFG OS 
Access: R/W Reset State: OOh 



BHNoJ 7 1 6 1 5 


4 


3 


2 • 1 ' 0 


1 MMPR1 1 MMPRO 


QUASI 


CCNT4 


CCNT3 


CCNT2 1 CCNT^ 1 CCNTO 



Bit No. 1 


Name i 


Oesenption 


4-0 


CCNTyi-O] 


These 5-bn R/W fietd that defines the maximu/n number of SFBC 
clocks (0 - 32) mat trte 82750PD ts allowed to-issue Dercre giving 
up the SPEC in response to GRANT being deasserted tf 
GRANT IS deasserted. the 82750PD continues using me SPSC 
(if It has any outstanding requests) untl it has issued the 
maximum number of ck>cKs. At the end of mts Qme interval, me 
82750PD completes any current bus cyde and men release me 
SFBC 


5 


Quasi 


This R/W bit determines whemer me GRANT signal from me 
SFBC arbiter ts synchronous or asynchronous 

0 • Synchronous 

1 « Asynchronous 


7-6 




This 2-bit R/W field that defines me pnonty me 82750PD uses 
when requesting me SFBC. 






0 0 High Pnonty 






0 1 Medium Priority 






1 0 Low Priority 






1 1 No Pnonty (ILLEGAL! tf No Pnonty is pfcgrammed 
and any memory cyde ts attempted. 9ie 82750PD 
HANGS.) 
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Table A-14. Core Interrupt Flag Register 



Mnemonic: einmg Byte Offset: lOOh 

Aeeeaa: R/0 Reset State: 01 FFh 



Bitfsl 


1£ 


14 


13 ! 12 


n 1 10 1 9 ! S 


Name 


RSVD 


VBLF 1 MCINT_F ( RSVD 


MCINTO_F 


OFi^F 1 EF1_F ! Unusea 



Bms) 


7—0 


Name 


Unused 






Bit No. 


Name 1 


Dascnptien 




RSVD 




9 


EFLF 


Even Field tntemipt Flag/ This bit t$ set if^a even fietd mterrus: 
condition ts detected 


10 


OFI F 


Odd ReW Intemiot Flaq.* 


11 


MCtNTO.F 


Microcode tntemipt Overflow Flag. This bit rs set it more man 
one microcode ffiterrupt condition has occurred since the tast time 
this reaister was read. 


12 


RSVD 


Reserved 


13 


MCINT F 


Microcode Interrupt Rao.* 


14 


VBI F 


Vertcal Blanldnq tntemiot Rag/ 


15 


RSVD 


Reserved 



• This bit ts set if its respective interrupt condition is detected, regardless of tne slate of its 
corresponding bit (corresponding by name, not by bit number). in the ccontroi register 



Table A-15. PCI P0S2 Register 

Mnemonic: CMDO Address: 04h 

Access: W/O Reset State: OOh 



Bit No. 


7.2 


1 


0 


Name 


RSVD 


MEMEN 


lOEN 




BH No. 


Name 


Description 


0 


lOEN 


Clearma this bit disables the host I/O reoisters 


1 


MEMEN 


Cleanng this bit disables the "EMS' window, even if the EWE bit (bitC 
in the CFG OS) reoister is set. 
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Table A-16. Core Status Register 



Name: esUtus Byte Ottset = 102: 
Access: R/0 flestt State: 



ems) 


15 


u 


13 


12 


1' 


ic 


9-8 


Name 


EF1_S 


OFLS 


RSVD 


RSOV 


VBLS 


MCINT_S ! 


Unusec 



Bm«) i 7-4 1 3 


2 ' ' ■ 0 


Name 


Unused | SYNC^S 


PMON j rREEZS ! HALT.S 



Bit No. ! 


Name 


Desertption ~^ 


0 


HALT_S 


Halt Status. This bit is set when tne prooessdc b haJteo because 
the HALT bit in the coonirol register is se\ or because the HALTa 
otn ts asserted 


1 


FREEZE 


Freeze. Thts bit ts set wtien ihe processor is' waiting tor the 
statistical decoder or one of the core FIFO's to become readv 


2 


PMON 


Performance Monitor. This bit can be toggled by a special ALU 
opcode or by a speaal B source code. Set PMON to monitor the 
pertormance o1 mtaocode 


3 


SYNC.S 


Synchronixe Status. This bit s set it the tntemai synchronizers 
forthe HREQ#/HAL£N inputs are disabled 


4-9 




Unused 


10 


MCINT S 


Microcode Interrupt Status.* 


11 


VB! S 


Vertical Btankinq Interrupt Status.' 


12,13 


RSVD 


Reserved 


14 


OFI S 


Odd Field Interrupt Status.* 


15 


EF! S 


Even Field Interrupt Status.' 



* The state of each these bits follows the state of rts corresponding bit (corresponding by 
name, not by bit number) in the ccontrot register 
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Table A-17. "EMS" Configuration Registers 



Mnemonic: EMSCFGn; n : 2-0 Address: CPG OS-06 

Access: R/W Reset State : OOh. OOh. OOh 



Bit No. 


7 1 6 1 5 


4 1 3 1 2 1 1 : 0 


EMSCFG2 


EMS1B 


EMS17 j EMS16 


EMS 15 


EMS14 EMS13 1 EMS12 1 EWS11 


EMSCFG^ 


EMS10 


EMS9 EMS8 


EMS7 


EMS6 1 EMS5 } EMS4 | EMS3 


EMSCFGO 


EMS2 


EMS1 1 EMSO 


RSVD ! EWE 



Bit Mo. 


Name 


Description 


7-0 
7-0 
7-5 


EMS[18t)] 


EMS[18:0I are tne 19 MSBs of the base ac^ss of the 8-K&yte 'EMS' 
window The MATCH field of the host addr^ is comoareo to 
EMSriS 01 to detect an address that is to be maoped 


0 


EWE 


Setsng thts btt enables the *EMS' wirtdow, provided the 
MEM ENABLE bit is set (see Section 5.2) 



Table A*ie. General Control Register 



Mnemonic: GENCON Address: R£G6-6yTE2 
Access: R/W Reset State: OOh 



Bit No. 


7 


6 


5-0 


Name 


RSVD 


OINT 


RSVD 



Bit No. 


Name 1 Descnption 


6 


DINT 


Disable Interrupt Setting this bit disables the 82750PD interrupt 
Cleanno thts bit enables the 82750PD to Generate an mterruot 
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Table A-19. General Status Register 



Mnemonic: GENSTAT Address: REG6-BYTE3 
Access: WO Reset State :00h 



Bit No. 


7.2 1 1 j 0 


Name 


RSVD i ViNT 1 RSVO 




Bit 


Name 


Description 


6 


VINT 


VINT. This bit ts set whenever the 82750PD tnterruot stgnaj ts 
asserted 



Table A-20. Input FIFO Control Register 



Mnemonic: inN-c; Nsl , 2 Address* 
Access: Reset State: Not available. 



Bit No. 


15^ 


5 


4 


3 


2 


1 1 0 


Name 


RSVD 


BY-32 
MODE 


CB 


PF-OFF 


AHOUD 


INC/ 1 WORD/ 
DEC ! BYTE 



Bit 


Name 


Description 


0 


WORD/BYTE 


Word/Byte. This bit determines whether the Core input 
FIFO operates m word mode or byte mode 

1 m Byte mode. The FIFO can start reading memory on 
any byte boundary. Each word read has data m the 
low byte and OOh in the high byte 

0 - Word mode. The FIFO can start reading memory on 
any word boundary. Each word read has data in both 
the low hiah bytes 


1 


INC/DEC 


Increment/Decrement This bit determines the order in 
which bytes or words are read trom me internal bus 

1 - Decrennent mode. The FIFO reads from me most 
significant to me least significant byte or word 

0 m Increment mode. The FIFO reads trom me least 
significant to me most sionificant bvte or word 
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Table A-20. Input FIFO Control Register (Continued) 



2 




ahhp*« HaM SAfnna ihr^ bit di^dbie^ automatic 
incremenong/oeaementjng ot ff7N-to ana inN-ft/ ana 
prevents the Core input FIFOs from aouoie buffenng tne 
read data. At the end o* an ;rtema! bus cyoe tne FIFO is 
updated with 64 bits ot data- The Core Input FIFO will not 
issue another read request to the internal bus until there is a 
wnte to inN-lo OR a roD^er/roll-uncer read access ot the 
Core tnput FIFO It there s a wr-te ;c rN-to the FIFO will 
then fetch data trom the new location t; a ro;t-over roii- 
under occurs, then a memory reouest wrli oe issued to tetcn 
data from the unchanoed address 


3 


PF-OFr 


Prefetch Oft. SetQng ihts btt causes the Core input FIFO to 
wait for a request to fetch a new qoa^ word over the internaj 
bus 

1 - PREFETCH ON rrwde The Core Input FIFO 

prefetches successive quad words as necessary :o 
keep ite buffer full. Fetch addresses ascend or 
descend according to the INC/OEC bit 

0 - PREFETCHOFF mode. The FIFO will sttll prefetch the 
first two quad words to fUi its t>uffer (when started at a 
new address location) but will fetch a new quad word 
only when a read request is made to the FIFO for a 
value tn the next unfetched quad word 






A 
** 


rn 

WD 


dreuiar Buftar Saflina Ihts bit enables the creation of a 
arcmar buffer in the SFB. The appropriate address bit on 
the internal bus (depending on the sae ot the circular buffer 
to be created) is cleared The register pointers remain 
unchanged. The size ot the circular buffer can be 64 
Kbytes. 128 t^ytes. or 256 t^ytes. as determined by bits 
2-0 of the Circular Buffer reoister orcbu^ 


5 


BY.32 MODE 


BY*32 MODE. Setting this bit causes (he pointer to 
increment or decrement bv tour bytes rather than two byres 


1&-9 




Reserved bits 



* See A and B bus addresses 
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Table A-21. Indirect Address Register 



Mnemonic: INDADDR 
Access: R/W 



Address: REG4-BYTESS— REG4-6YTE0 
Reset Slate: OOOOOOOOh 



Bit No. 



Name 



31-0 



BHNo. 1 Name 


Description 


15-0 




These four bytes are the 82750PD mtema) bus address tcr an mdirec; 
access ot the 82750PO memorv address soace 



Table A-22. Indirect Data Register 



Mnemonic: INOOATA 
Aceess: R/W 



Address: REGSfBYT£3— REG5-BYTE0 
Reset State: Uninitialized 



Bit No. 


31-0 




Name 












Bit No. 


Name 


Description 




15-0 




These four data bytes are data read from or written to tne 82750PD 
memory for ar\ indirect access of the 82750PO memory address 
soace The 82750P0 address tor the indtrect access is m REG4- 
BYTE3— REG4.BVTE0 
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Table A-23. Message Configuration Register 



Mnemonic: MCFG Address: OOFF003C-OOFF003F 



Access: R/W Reset State: See bit dcscfipttons. 



Bit No. 


31-28 


27-24 


23 


— -i^ — ™ . WW W1* HB 4«rf 1^ w Wl 

22-17 1 16 


Name 


V2C0DE 


V1C0DE 


PROTECT 


0 1 EXTVBUS ; 



Bit NO. 


15-12I 11 ! 10 


9 


8 


7-6 


« ! 3 1 2-0 


Name 


RSVD 


CLK.EN 


ARB_EN 


DMSG.E 
N 


MSG.EN 


RSVD 


CLXDJV 


RSVD 





BH No. 


Name 


Descnption 


2-0 


MSGJD 


Message ID. This field defines the ID of the 927S0PD in the 
SyncnroUnk protocol 


3 


0 




5-4 


CLKDIV 


Qock Division. When the 82750PD is the arbtter (ARB.EN . 1 ). 
these brts define the SynchfoUnk bus dock frequency (sLcLK) m 
temis of the SFBI dock frequency (MCLX) as listed in the following 
table. 

SynchroUnk 
Bits Bit 4 .-Bus Frw, SLCLK 

0 1 MCLX/4 

1 0 MCLK/6 
1 1 MCLX/8 


7-6 


0 




e 


MSG.EN 


Message Enable. Setting thrs bit enables the 82750PD to send and 
receive messages Clearing MSG.EN prevents the 82750PD from 
sending or recetving messages. TTie effect of changes in the MSG_EN 
bit do not take effect unol a break (ten consecuove '0' bits) on the 
SynchroUnk bus is delected 


9 


DMSG.EN 


Delay Message Enable. The value of the RAD bit follov^s the value 
wnnen to the MSG^EN bit OMSG_EN changes state only when the 
actual status of the 82750PD changes {The actual change in status is 
delayed until the next break (ten consecutive *0' bits) on the two wire 
bus after a change in the MSG EN bit) 


10 


ARB_EN 


Arbiter Enable. Setting this brt defines the e2750PD as the arbiter tor 
the SynchroUnk bus 


11 


CLK.EN 


aock Enable. Setting this bit causes the 82750PD to drive tne 
SynchroUnk clock at a frequency speafied by the CLKDIV bits (bits 5- 
4) 
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Tib\B A*23. Message Configuration Register (Continued) 



15-12 


0 




16 


EXTVBUS 


External VBUS. Senng this btt enables me 82750P0 VBUS to be 
driven trom (he external VBUSIN pins of the cmp Do not select tnis 
mode unless the host bus type is ISA or PCI Furthermore do not 
setect this mode if you want to allow meta-intemjpts to the e2750PD 
core If me EXTVBUS is set the VBUS codes generated by me 
SynctiroUnk interface are not driven to the &2750P0 core Instead me 
states of me external VBUStN pins are dnverrte the core via me VSUS 


22-17 


0 




23 


PROTECT 


PROTECT. Setting/cleanng this bit disables/enables further wnxes to 
mis register Dunng normal operation, mts bit can be cleared only by 
wntna bits 31-24 wim data that matches me data already tn oits 31-24 



Table A*24. Micro Channel P0S3 Register 



llnemonic: — Address: xx02h' 
Access: W/0 Reset State :00h 



Bft No. 


7-1 


1 0 


Name 


RSVD 


1 CDEN 



Bit No. 


Name 


Description 


0 


CDEN 


CDEN . tO.ENABLE - MEM.ENABLE. Clearing mis bit disables 
the host I/O registers, and disables me 'EMS' window, even if me 
EWE bft fbit 0 in me CFG 06 reotsterl is set 



' XX denotes eight dont-care bits 
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Table A-2S. Micro Channel P0S3 Register 



Mnemonic: — 
Access: W^O 



Address: xx03)i' 
Reset State: 75h 



BH No. 



7-0 



Name 



Bit No. 


Name 


DeseriptJon 


7-0 


toBrroi 


lOBr7-01.IO BASEr7 0r 



XX oenotes ei^ht dont-care brts 
' I/O Base[8) is latched from straps or jumpers at reset 



Table A-26. Match Service Register 



Mnemonic: Address: QOFF0038h-OOFF003B 

Aceess: R/W Reset State: See bit dcsenptions. 



Bit No. 


31-25 


27-18 


17-16 


15-12 


11-2 1 


1-0 


Name 


0 


SRV_MASK 


0 


0 


SRV.DATA 1 


0 



Bit No. 


Name 


Description 


31-25 


0 


The 0 denotes bits that should always be written wttn 0 The 
actual value wntten rs ignored These bits will be 0 when read 


27-18 


SRV.MAS 
K 


SRV^MASK is a 10-bit R/W field that s used to select which bits 
ot the sen^ice number are compared If a btt in SRV^MASK « \ . 
then the corresponding bti in the service number of tne service 
request will be compared with the correspondrng bit in tne 
SRV_DATA field. If a bit m SRV_MASK - 0 then the 
corresponding bit in the service number of the service request will 
be ignored These bits are uninitialized by RESET 


17-16 


0 


The 0 denotes bits that should always be wntten with 0 The 
actual value wrrtten is ignored These bits will be 0 when read 


15-12 


0 


The 0 denotes bits that should always be written with 0 The 
actual vatue written is ignored These bits will be 0 when read 


11-2 


SRV^DATA 


SRV^OATA IS a 10*bit R/W field that is compared with the service 
number o1 service request messages to determine if the message 
ts an incoming message These bits are uniniitalized by RESET 


1-0 


0 


The 0 denotes bits that shoutd always be wntten with 0 The 
actual value wntten ts ignored These bits will be 0 when read 
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Table A-27. Message Status Register 



Mnemonic: MSTATUS Address: O0FF0030K-O0FFOO33 

Access: R/O Reset Stote: OOh 



Bit No. 


31-25 


24 


23-22 


21-20 ! 19-18 i 17-16 


Name 


0 


RSRV 
STAT 


XCVRB 
STAT 


XCVRA 
STAT 


XCVR9 jxCVRS 
STAT i STAT 



BHNo, 


15-14 


13-12 


11-10 


9-8 


7-6 




3-2 


1-0 


Name 


XCVR7 


XCVR6 


XCVR5 


XCVR4 


XCVR3 


XCVR2- 


XCVR1 


XCVRC 




STAT 


STAT 


STAT 


STAT 


STAT 


STAT 


STAT 


STA' 



Btt 


Name 


Description 


2n 


XCWRn 
STAT 


Transceiver n Status (n s 0, 1, 2, » 9, A, B). Each 2-bit field reflects 
the status of bits in the corresponding XCVRn register The specific 
bits whose status is shown depends on the vaiue of the SN4SG bit rn 
the same XCVRn regster. The selected XCVRn bits take oieir values 
from the XCVRn bits as follows: 

MYRftSTATTSn*!! ?;CYR<>STA7T2nl 

0 FMATCH TXIPR 

1 NACK OR* COMPLETE TXIPR 

• LoQical inclusive OR 


24 


RSRV 
STAT 


Receive Service Status. This btt reflects the state of the VALID bit m 
the RSRV reatster 


31-25 




These bits are dear. 
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Table A-28. Core Output FIFO Control Register 



Mncflionic: outN-c;NrT^ Address: Core Register 

Acoss: R/W ftesei Staler No< available. 



Bit No. 


15^ 


5 


4 1 3 1 2 


1 i 0 


Name 


RSVO 


BY.32 
MODE 


FORCE-LSB 
Eh4ABLE 


FORCE LS3 
VALUE 


AriOLD 


D=C 1 BYTE 
INC» 1 WORDe 



Bit No 


Name 


Description 


0 


BYTE/ 
WORD« 


6yie/Word#. This bit detefrmnes whistwf the Core Output FiFC 
operates in word mode or byte mode. 

1 m Byte mode The FIFO can start wrmng memory on any oyte 
boundary 

0 « Word mode The FIFO can start writing memory on any wore 
bourtdarv 


1 


D£C/1NC« 


Deerement/lncremenW. This bit deiermtnes the order tn whicn 
bytes or words are wmten to the 6275QPD tntemai bus 

1 » Decrement mode. The FIFO wntes from me most sjgmficant 
to the least significant byte or word. 

0- Increment mode. The FIFO wntes from ff^e least signtficani tc 
the most significant byte or word 


2 


AHOLD 


Address Hold. Setting this bit disables automatic 
incrementing/decrementing of otrtN-/v and ot/tN-io The FIFO 
continues to write to a single quad word in the 82750PO address 
soace. 


3 


FORCE LSB 
VALUE 


Force LSB Value. The value of this bit is the value of tne least 
significant bit wntien to each byte, provided that the FORCE LSB 
ENABLE bit ts set 


4 


FORCE LSB 
ENABLE 


Force LSB Enable. Setting this btt forces the least significant bit cf 
each byte wntten to the 82750PD internal bus to be a V or a 0*, as 
specified bv the FORCE LSB VALUE bit 


5 


BY.32 MODE 


By'32 Mode Setting this btt causes the pointer to increment or 
decrement by four bytes rather than 2 bytes 


15-6 


RSVO 





' See A and B bus addresses 
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Table A-29. "EMS" Page Address Registers. 

Mnemonic: PARn; n s 3-0 



Address: REG1-BYTESa-2. REG l -BYTES l-O, 
REG0.BVTES3-2, REGO-BYTESI-O 
Reset State: 0000 h 



BHNo. 


1« 


2 


1 


0 


Name 


PAR 


0 


0 


0 



BUNo. 


Name 1 Description _ 


3-0 


0 j These bits are wired to "O* They read as ti' and snouia oe written 
1 as-O" 




PAR 


These R/W brts are the 13 MSBs of the base address of a 2 Kbyte 
page \n the 827S0PD mennory address space A host access to oage n 
of the 'EMS* window ts redirected to this page (provioeo me 'EMS' 
mode IS enabled) 



p 
c 
c 

t= 
e: 
c 
c 
c: 
c: 
c 
c 
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Table A-30. Pixel Interpolator Control Register 



Mnemonic; pixtntK Address* 



Aeeess: 




Bit No. 


15 1 14 


13 1 12 1 11 1 10 ! 9:8 


Name 


RSVD PIPEUNING 


phase] RSVD i PAIRING j RESET ! MCDE SELEC 




Bit No. 1 7.4 t 3^ 


Name 


VERTICAL WEIGHT j hORIZ WEiGn- 






Bit No. 


Name 


Description 


3-0 


HORiZ 
WEIGHT 


Horizontal Weighting, h These bits contain tne norizona. 
wetghtrng. expressed as the numerator of a traction wmcr. is 
an even multiple of 1/16 




VERTICAL 
WEIGHT 


Vertical Weighting, v These bits contajn me veracai 
weighting, expressed as the numerator ot a traction wnrcn is 
an even multiple of 1/16 


9^ 


MODE 
SELECT 


Pixel Interpolator Operating Modes 

0 0. Random-2D (nonsequential) Use this moae it the 
pixels are not m honzonta) rows or it the n and v 
weightings are not constant over all pixels 

0 1 • Sequential-2D: the h and v weigntngs are constant 

for all interpolations 

1 0-RSVD 
1 1 . RSVD 


10 


RESET 


Settino this bit resets the oixel interpoiaiof 


11 


PAIRING 


Pixel Pairing 

0 ■ The pixel interpolator outputs indrviduaJ 8-bit pixels 

1 - The interpolator outputs 16-bit pixel pairs comprising 

adjacent pixels, provided that the MODE SELECT tits 
select Sequential 2'D mode 


12 


RSVD 
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Table A*30. Pixel Interpolator Control Register (Continued) 



13 


PHASE 


Bitmap Phase 

Om In phase The first two output pixei pairs are grouped 
into one 1 &-bit pair with me first pixel m the least 
significant Pyte 

1 • Out o1 phase The first pixel is placed tn the mcs: 
significant byte of the first pixel pair: the least 
significant byte of me first pixel pair contains mvaiid 
data 


14 


PtPEUNlNG 


Pipelining Setting mis bit reduces the pipelining delay 
which also depends on me PHASE bit 

Pipafine Delay in 

0 0 6 

0 1 7 

1 0 2 
1 1 3 


15 


RSVD 





* See A bus and B bus addresses 



Table A*31. Read FIFO Address Counter Register 



Mntmonic: RPCNTR Address: REG3-8YTE3 with BS = 2-0 
Acofcss: R/W Reset State: OQh 



Bit No. 1 23-16 


15-8 


7-0 


^4ame 


CMTRH tBS = 2) 


CNTRM (BS s 1 ) 


CKTRl (BS s 0 ) 



Bit No 


Name 


Descnptlon 


7-0 




Low byte of Read FIFO Address Counter 


15-5 


CNTRM 


Middle byte of Read FIFO Address Counter 


23-16 


CNTRH 


Hioh bvte of Read FIFO Address Counter 
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Table A-32. Read FIFO Control Register 



Mnemonic: RFCON 
Access: R/W 



Address: REG3-BVTE2 
Reset State: 00 h 



Bit No. 




€ 


5 


4 


3 


2 i ^ t c 


^4ame 


AUTO 


TEST 


R PULL* 
W RSVD 


FAST 


R 

EMPTY- 
W RSVD 


BS2 j BS- 9SC 

! ; 

! 



R . Read. W « wme 



Bit No. 



Name 



Pescftption 



0-2 



BS(>-BS2 



Byte Select TTiese bite spttcrfy the register byte mat is tc &e 
accessed through the Selected Byte Register (RSG2-BYTE3 , BS2 :s 
a 'dont care': rt is not decoded by the hardware 





BSl, 






WRfTC 


RgAD 


X 


0 


0 


0 


CNTRL 


CNTRL 


X 


0 


1 


1 


CNTRM 


CNTRM 


X 


1 


0 


2 


CNTRH 


CNTRH 


X 


1 


1 


3 


NOP 


RFTEST 



Writing these bits selects a byte in the "WRITE" column a byte 
(CNTRx) of the 24-bit SF6 address Reading these bits selects a 
listing in the "READ* column: a byte (CNTRx) of the 24-bit S=B 
address, a byte (DHx) from the data holding register, or the WFTEST 
register 

For a read of the RFTEST register see the RFTEST register able 



EMPTY 



Empty. The EMPTY bit reflects the status ot the dau holding 
registers. R1 and R2. The EMPTY bit is set it neither R1 nor R2 
contains data. In AUTO mode, the EMPTY bit would normally be set 
only (or a short time after the SFB address has been loaded The 
EMPTY bit and the FULL bit are not complements. If the host reads 
the RFOATA register when the EMPTY bit is set the access becomes 
a 'slow access.' i.e.. host wait states are inserted until the read is 
finished See also the FAST bit 



FAST 



Fast If the fast bit is set and the host reads the RFDATA register tne 
access becomes a 'fast access' provided these aoditionai conditions 
are met. 

The FIFO is in AUTO mode. 
The FIFO IS empty (EMPTY . 1 ) 

The RFCNTR register is pointino to an even dword 
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Table A-32. Read FIFO Control Register (Continued) 



5 


FULL 
(Read) 

TCLK 
(Wnte) 


FuU (Read) This bit ts set it register P 1 has data ana tne hign &yta 
(DH3i of register R2 has data, i e . has f^ot been read Sottware snouid 
venfy that the FIFO is tuir before it alters the RFCNTR or RFCON 
register 

)f the FULL bit ts dear, the Read FIFO contains some resioual oau 
When m the AUTO mode, the Read FIFO always contains some 
resrduat data after the host reads the RFOATA register To ourge 
residual data, take the FIFO out of AUTO mode and read {a: least: byte 
0H3 of R2 

TCLK. TCLK must be ciear for proper FIFO operation in its norma) 
mode Set TCLK onJy for diagnostics. If TCLK is set. the FIFO 
address in RFCNTR is not incremented m ALTTO mode If TCLK 
chanoes from set to dear. Ihe RFCNTR reoister is incremented dv ^ 


6 


Test 


Test. The bit is used tor diagnosttcs. Setting this bit initalizes the ^iFO 
and prevents the internal bus acqutsmon logic from requestng the bus 
Thts allows the host to access the Read FIFO registers without 
tnggenng a read cyde. Reading an empty Read FIFO W1t^ TEST « 1 
returns erroneous data. Furthermore. tOCHRDV ts never assened 
(the read cyde ts never mmated) 


7 


AUTO 


Automatic Increment. When (he AUTO bit is set the RFCNTR 
register increments by four after each read cyde of the internal bus. 
thus setting up tr« address counter lor reading the next dword When 
the Auto bit ts clear, the RFCNTR register does not increment 
automaocally To read a single dword. word, or byte, the AUTO bit 
should be dear The Read FIFO accesses the same SFB address 
reoeaiediv until a new address is written to the RFCNTR reoister 


Table A-33. Read FIFO Data Register 

Mnemonic: RFDATA Address: REG3-8YTEl'REG3*eYTE0 
Access: R/W Reset State: Uninitiaiized 


Bit No. 


15-0 


Name 






Bit 


Name 


Description 


1M 


— Data retrieved from SFS ts read trom ihts reoister 
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Table A-34. Read FIFO Selected Byte Register 

MMmonic: RFSELB Address: REG3-BVTE3 

Access: Reset State: See description below 

This register e used to access the registers speafied by tfie BS2-SS0 bits of tfie RFCON 
register See tne RrcON register. The registers accesseo via RFS ELS have the tollowtng 
reset values 

CNTRL CNTRM CNTRH OOh 
RFTEST 43hh 



Mnemonic: RFTEST 
Access: R/O 



Table A-35. Read FIFO Test Register 

Address: REG3*BYTE3. BS s 3 or 7 



Bft No. 


7 


6 


5 


4 


3 


2 1 1 0 


Name 


REQ 


SEL 


RFRES 


FAST 


CNT2 


NXTFAST 


FFS 


FFA 



BH No. 


Name 


Description 


0 


FFA 


Flipftop A. If this bit IS set data holding register R2 (host side) con*^ns 
valid data. 


1 


FFB 


Fllpflop B. If thts bit IS set data holding register R1 (SFB sioe) contains 
valid data 


2 


NXTFAST 


Next Fast If this bit is set the Read FIFO is requesDng a 64-bit internal 
bus cycte. 


3 


CKTZ 


CNT2. This bit is bit 2 of the RFCNTR reoister 


4 


FAST 


FAST. This IS the FAST bit (b\X 41 of the RFCON reoister 


5 


RFRES 


Read FIFO Reset If this brt is set the Read FIFO is betng reset The 
FIFO enters rts reset state upon reset of the 82750PD or when the host 
wntes the low byte of the RFCNTR register The FIFO exits its reset 
state When me host writes the hioh bvte of the RFCNTR reoister 


6 


SEL 


Select If this bit ts clear, the internal UHBl arbiter has selected the 
Read FIFO 


7 


REQ 


Request It this bit is set the Read FIFO is requesting use of the 
82750PD mtemal bus 
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Table A-36. Receive Service Register 



Mnemonic: RSRV Address: 0OFF0O34-0OFF0037 

Access: See bit descriptions. Reset Stete : See fan deseripiions 



Bit No. 


31-25 


24 1 23-17 


16 


15-12 ) 11-2 1 1-0 


Neme 


RSVO 


IIN7 1 ftSVD 


VAUD 


FCOOE 1 SERV_NUW i RSV'D 



Bit 


^4ame 


Oescrtptton 


1-0 


RSVO 




11-2 


SERV_NUM 


Service Number (R/O. umnitaiized by reset) This field tatcties 
the sefvwe number (packet brts 10-13 and 15-20) from tne 
received message 


15-12 


FCODE 


Function Code (R/0; unmmaiized by reset) This 4*bii fietd 
always contains OEh (the service request code) after a service 
request is received These btts are unmnaltzed bv reset 


16 


VAUD 


Valid. (R/W; reset state - 0). This can be used by e2750PD core 
microcode or the host to determine if a completion message was 
received. The SynchroUnk hardware sets this bit when a service 
completion message ts received and acAnowtedged An 
incoming comptetion message is defined as a messaQe satisfying 
these criteria: 

• The function code (bits 6-9} - OEh (service request) 

• The senrtce number (packet bets [1 0-1 3. 1 5-20)) is a 
recogmzed servtoe number (see the Match Service register 
(MSRV) described in Secoon 6.4 S) 

tf the message does not meet these cntena. the VAUO bit is not 
set and the service acknowfedge bit (bit 22hn the message 
packet IS not set. 

The 82750P0 core microcode and the host can reset the vaiid bit 
but wnting a 'V has no effect If software dears this bit and 
hardware sets this bit in the same clock, the bit is cleared 


23-17 


RSVO 




24 


lINT 


tnooming Message Interrupt (R/W; reset state « 0) Setting 
thts bit enables a NOT-VALID to VAUD transition (bit 6) to 
oeneraie the VI CODE VBUS code 


31-25 


RSVD 
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Table A*37. Statistical Decoder Control Register 



Mnemonic: st»f-c 
s:R/W 



Address' 
Reset State: Not available. 



Bit No. 


15 


14 


! 13 


i 


12.8 


Name 


POL 


RSVD" 


1 C8 


i 


SVAL , 




BKNo. 


7 


6 1 


5 




3 1 20 


Name 


SHORT 


END 1 


TEST 


WRITE 


RSVO' 1 STNCX 



BttNo. 


Name 


Description 


2-0 ' 


STNDX 


Starting Index. These bits specify me starting inoex vaiue ot 
the code description table The table access begins at ms 
value 


3 


RSVD 




4 


WRITE 


Write The WR ITE bit and trie TEST bit controt reaos and 
wmes to the code descnptton tabte as follows 

TESTWfl!T£, 

0 0 Alter writing to the code descnption tabte and 
deanng these bits, tne new values m me c d cable will cake 
effect. 

0 1 Enables a write to me c d table 

1 0 Enables a read of me c. d. table 
1 1 Resented 


■ £ 1 TEST 


Test See description tor WRITE 


6 


END 


End. Setong mis bit invokes me END bit mode The 'i ro' 
trailmo me runnn sequence is droooed from me code 


7 


SHORT 


Short Setong this bit invokes the SHORT mode. The values 
of 2^ are me same tor every entry tn me code description 
table. 




SVAL 


Short Value, (f the SHORT btt ts set. mese bits specify me 
value of 2^ mat is used m me code descripoon cable tn 
SHORT mode 


13 


CB 


Circular Buffer. Setong mis bit enables me creation of 
arcutar buffers of size 64 Kbvtes 12S Kbytes or 256 Kbvtes 


14 


RSVD 




15 


POL 


Polarity. This btt specifies me polarity of me btcs in me run-m 
seouence 



' See A bus ano 6 bus addresses 
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Table A-38. Wriie PiFO Address Counter Register 



Address: REGZ-BVTES with 

Mnemonic: WFCNTR BS s 2-0 (RW) or 6-4 (W) 
Aeeeas: B/W Reset State: OOOOh 



Bit No. 


23-16 


15-8 


7-0 


Name 


CNTRH 

(BS = 2 (W/R), BS = 6 (W)) 


CMTRM 

(BS s ^ (W/R), BS r 5 (W)) 


CNTRL 
(BS = 0(W R). BS = 4{W)) 



Bit No. 1 


Name 


Description 


7^ ! 


1 

CNTRL 


LOW byte of Wnte FIFO Address Counter 


1W i 


CNTRM 


Middle byte of Wnte FIFO Address Counter 


23-16 1 


CNTRH 


HtQh byte of Wnte FIFO Address Counter 
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Table A-39. Write FIFO Control Register 



Mnemonic: WFCON 



Address: REG2-BYTE2 



Bit No. 


7 


6 i 5 


4 1 3 


2 1 1 ! 0 


Name 


AUTO 


TEST |r FULL' 
1 WTCLK 


FAST 


R EMPTY* 
W RSVD 


RS2 1 RSI 1 RSO 

! 1 



•R-Read.W-Wnte 



BHNo. 



Name 



Description 



0-2 



BSC^-BS2 



Byte Select. These bits specify the register byte tnat is to be accessec 
mrougfi the Selected Byte Register (REG2-BVTE3) 











WRITg 


RgAD 


0 


0 


0 


0 


CNTRL 


CNTRL 


0 


0 


1 


1 


CNTRM 


CNTRM 


0 


1 


0 


2 


CNTRH 


CNTRH 


0 


1 


1 


3 


FLUSH 


WFTEST 


1 


0 


0 


4 


CNTRL 


DHO 


1 


0 


1 


5 


c^^mM 


DH1 


1 


1 


0 


6 


CNTRH 


DH2 


1 


1 


1 


7 


FLUSH 


DH3 



Writing these brts seiects a byte in the -WRITE' column a byte 
(CNTRx) ot the 24.bit SFB address or the FLUSH Register Reading 
these bits selects a listng in the 'READ' column a byte (CNTRx i cf tne 
24-brt SFB address, a byte (DHx) from the data holding register, or the 
TEST register 

Wnting any value to the FLUSH register flushes the data holding register 
{R1. R2) For a read of the WFTEST register see the WFTEST register 
table 



R EMPT-' 
WRSVD 



EMPTY. This bit is set. when either of two conditions rioid 

(i) the host has not written to the data holding register since the FIFO 

has wnnen holding registers R2 and R1 to the SFB. OR 

in) The FIFO has just been flushed 



FAST 



FAST. If FAST - 1 and the FIFO is full, then attempting to write data to 
an even dword address causes the 82750PD to execute a fast internal 
bus cyde (t e . the data in both R1 and R2 are written to the SFB). tf 
FAST > 0 the 82750PO executes only normal bus cycles 
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Table A-39. Write FIFO Control Register (Continued) 



5 


R FULL' 
W TCLK 


FULLTCLK. READ The FULL brt is set iT (i) daa holding recisrer R2 
hotds valid data which has not yet been wntten to tne SF3 AND me 
host has wntten data to (at leasts the most significant byte of R i 
WRITE. Setting this bit prevents incrementacon (by ^\ of the WPCNTP 
register when the AUTO bit ts set. If TCLK changes from set to ciea; 
the address counter ts incremented by 4 TCLK must be dear tcr 
ooerat»on in normal mode: set this bit oniv tr TEST mode 


6 


TEST 


TEST. Setting this brt invokes TEST mode, which is tor oiagnos^cs tr; 
TEST mode, the FIFO ts prevented from requestino the imemai bus tne 
host can access the Write FIFO registers without triggenng a wnte cycle 
Clear this bit tor norrrta) operaoon 


7 


. AUTO 


Automatic. Setting this bit causes the FIFO WFCNTR register tc 
increment by 4 after each intemai bus wnte data cyde it AUTO ts dear, 
the FIFO will access the same location repeatedly, unni a new aaoress 
is written to the address counter. 



Table A«40. Write FIFO Data Register 



Mnemonic: WFDATA Address: REG2*BYTEl-aEG2*BYTE0 
Access: ft/W Reset State: UniniOalized 



Bit No. 


15-0 


Name 





Bit No. 


Name 


Description 


1« 




Data to be wntten to the SFB is written to this reoiste' 
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Table A-41. Write FIFO Selected Byte Register 

Mnemonic: WFSetB Address: REG2.BYTE3 

Access: Reset State- OOh 

This regster is inoirectiy addressed to access tne registers soeofiefl Dy tne BS2-BSC t)i'3 
ot tne Wnte FIFO Corttroi register <WFCON) See tne WFCON register The registers 
accessed via WFSELB have tne following reset values 
CNTRL. CNTRM. CNTRH OOtl 

DH3 — DHO uninrtaJized 
VygTSST OFFh 



Table A-42. Wnte FIFO Test Register 



Mnemonic: WFTEST Address: REG2-BYTE3 with BS s 3 
Access: WO Reset Stale: OFFh 



Bit No. 


7-4 


3-0 


Name 


R1DH(7:4] 


R2DH{3 0} 



BHNo. 1 Name 


Desertption 


3-0 


RSDHn 


The HZDHn brt (n « 0. 1. 2 . 3)of data holding register R2 is set if bit n 
of data holdino reotster R2 is emoty 


7-i 


RIDH/? 


The flIDHn bit (n ■ 0, 1,2. 3)of data holding register Ri is set if bit r 
of data holdina reaister R2 ts emoty 
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Table A-43. Transceiver Registers 



Mnemonic: XCVRn; n s OOM)Bh 
:R/W 



Address: OOFPOOOOh-OOFFQQSPh 



Bit No. 


31 


30 


29 


28 


77 


26 


1 25 


24 


Name 


SM5G 


RXEN 


BINT2 


RSVO 


CINT 


BINT 


1 NINT 


1 TXiN- 



Bit No. 


23-21 j 20 


19 ! 18 i 17 , 16 


Name 


RSVD 1 SUCCESS 


COMPLETE j FMATCi- ' NACK TX'S? 



Bit No. 


15—12 1 


11-0 


Neme 


FCCOE 1 


DATA 



Bit No. 


Name 


Oesenption 


11-0 


DATA 


DATA {Uninitialized at reset). These bits correspond to tt^e oata 
Dits tn the data packet (packet bits 10-13.1 5-22) wnen me register 
IS in the Broadcast Transmit mode (RXEN • 0). software can wrrte 
these btts. When the regster ts tn the Broadcast Recerve mode 
mxEN m 1), hardware can wnte these btts 


1^12 


FCODE 


Function code (Uninitialized at reset). Thts field conains the 
function code 


16 


TXIPR 


TXIPR (reset state - 0). Software sets thts bit to initiate a 
transmission (wrtte the FCOOE and DATA fieids onto the 
S^nchroUnk bus). Hardware dears this bit when the transmrssion is 
comolete regardtess of whether the transmission ts acknowjeoaed 


17 


NACK 


Not Acknowtedged (reset state » 0}. This bit is used only in a 
servtce-request/sennce-oomplebon operation (SMSG - 1 ) 
tiardware sets thts bit tn the source's register to indicate that tne 
taroet does not acKnowledqe the sennoe request 


18 


FMATCH 


Function Code Match (reset state • 0) Thrs bii is used oy a device 
that IS (n broadcast receive mode (RXEN - i ) Software clears this 
bit when it begins t'tstening for a broadcast message witn a specfic 
func&on code). Hardware sets this bit to indicate that a message 
w!th that funcoon code has been recerved 


19 


COMPLETE 


Complete(resat state » 0). This bit is used onty tn a service- 
requesvservioe-comptetion transaction (SMSG « 1) Software mus: 
dear this bit tn the source's register when n transmits a sen/ice 
request (sets TXIPR) Hardware sets this brt when a corresponding 
completion message is received, i.e when: (i) The FCODE in the 
service completion message is OFh, and (it) the service number 
(packet bits 10-13,15*20) in the compleoon message matches the 
service numt>er in the transceiver register that was used to send the 
service request 
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82750PD Registers 



Table A-43. Transceiver Registers (Continued) 



20 


SUCCESS 


Success preset state • 0) This bit is set by nar aware to incicate Tiat 
a seivice has been successtulty completed (Wher a service 
completion message causes the COMPLETE btt to be set 5ie vaiue 
of (Tie SUCCESS btt (S taccfied frofri pacKet bt* 22 of tne TTiessaoe ' 




RSVO 




24 


TXINT 


Transmtt Interrupt Enable (reset sate ■ 0) It this bit is set wner 
hardware dears tne TXIPR bit, a meta interrupt and a Vi CCOE 
siar^ are Generated 


25 


NINT 


Nack Interrupt Enable (reset state - 0) If this bit is set wr^n 
hardware sets the NACK bit a meta interrupt and a V1C0DE signa 
are oerterated 


26 


BINT 


B Interrupt Enable (reset state » 0) It this bit ts set when hardware 
dears the FMATCH bit a meta interrupt and a y^ CODE signal are 
generated 


27 


CINT 


Complete Interrupt Enable (reset state « 0) if this btt ts set when 
hardware dears the COMPLETE bit a meta interrupt and a 
V1C0DE sianal are qenerated. 


28 


RSVD 




29 


BINT2 


62 Interrupt Enable (reset state * 0). If this bit s set when 
siqna) are Generated 


30 


SMSG 


Service Message (reset state - 0). Setting this bit puts this regis ter 
into service request and completion mode. Clearing this oit put this 
register into broadcast send and receive mode This btt anc the 
RXEN brt put this register into the following modes 

SMSQ RXEN 
0 0 Broadcast Transmit 

0 1 Broadcast Receive 

1 0 Service Bequest (send) 

1 1 Service Completion (receive^ 


3: 


RXEN 


Transmit Enable(reset state « 0) . Setting this bit enables the 
Synchro UnK hardware (onty) to wnte to the data field Oeanng this 
bit enables the 82750PD software (only) to write to the data field 
See also the SMSG bit 
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Appendix B 
Logical and Device Addresses 



The 82750PD address bits are used to address 
memory on the SFBI. The exact associauon of 
82750PD address bits to DRAMATLWI bits depends 
on the exact DRAMAT^Ms used. Table B-1 details 
this associauon. 



Table B-1. Association of 82750PD Address Bits to DRAM/VRAM Bits 



MEMSIZE 
(Mbytes) 


MEMTYPE* 


Interleave 
A24=1(ye$} 


Bank 

Select 

(CAS[3:01) 


Row 
Address 

(MAf9K>l) 


Column 1 Byte ; Bus 
Address Select j Width 
(MA[9:0]) UWERrO])! 


010(1-4) 


0 


A24^ 


A(21201 


Ar20:11] 


Af112l 1 AfllDl 1 32-c<: 


010f1-4) 


0 


A24»1 


Ar20:191 


A(19:101 


Af102. 221 


A[1^)] 1 32-M 


111(2-8) 


0 


A24^ 


A[222n 


Af2l:l21 


A[12:31 


A[2 0] t 


111(2-8) 


0 


A24.1 


Af2l20] 


A(20:111 


A[1 1.3,22) 


A(201 i 64.ti: 


010(1-4) 


1 


A24^ 


A[2120] 


A[10.19.111 


All 1211 


A(1C| 1 32-Ci: 


010(1-4) 


1 


A24.1 


A(20:19] 


A(9.18-101 


A[102.221 


A(10] 1 32-bit 


111(2-8) 


1 


A24.0 


A(22211 


Afl 1.20-1 21 


AH 2.31 


A(2-C| 1 o4.bi: 


111 (8MB) 


1 


A24.1 


A(21 20] 


A(10.19-111 


A{11 3.221 


AI2-01 ! 64-bt! 



MEWTYPE. 0 - symmeincaJ. 1 « nonsymmetrical 



The 82750PD accomodates both symmetrical and 
non-symmetncai DRAJVIs/VRAMs, which are 
denoted by MEMTYPE ( 0 = symmetncal, 1 = non- 
symmetncaJ). Symmetrical memones use a 9-row. 
9-coiumn address scheme, while non-symmetncal 
memories use a 10-row, 8-column scheme. For the 
non-symmetncal memory, the chip must have ten 
address pms (MA[9:01). For symmetncai memones. 
only MAt8:01 are required to generate the RAM 
address. For non-symmetncal memones. MAI9:0] 
and MAI7:01 are used. For MENTHTE = 1, the board 
can use symmetncai as well a non-symmetncal RAM 
by mappmg the unused column MA(81 to the row 
MA191. 
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B 

E 

c: 



Association of Logical and Physical Addresses 

Table B-2 shows an example of how 82750PD 
addresses map to physical DRAM A'RAM b\Tes. 
This example uses NffiMTYTE = 0 and cox-e'rs 
MEMSIZE = 2MB. 4MB. 6MB. SMB. Note that 
accesses to addresses, for which physical memorv- 
does not exist (e.g.. above 2\TB for MEMSIZE = 
2MB), result m aliasmg to cxisung memon- or non 
existing banks. In cither case, the memon- cycle 
completes and the 82750PD does not hang. 





OCX 



m 



Association of Logical and Physical Aadresses 



Table B-2. 82750PD Interna) Bus Address to DRAM VRAM Physical 
Address Mapping 





togteat 
82750PD 
Addrass 


Mtmory bank 


ROW address . Column 
address 


Unmapped 
Addresses 


cccc ooc: " . 
0000 co:s 
cccc - 

CO* C OOCC " 


151 Dank 256KX&4 
is: earn 256Kx6^ 
is: sanK 2£6<x64 
1 St sanK 2S6K3(64 


c CCCC coc: c 

C cccc cccc 5 
C CCCv jCC* C 

: cccc ococ c 


J cccc cccc r ! 


0020 ooo: r 
0020 oooe r 

0C2: lOCOn 
0030 0000 
003F ='^3 " 


2«c banit 256K3t64 
2no oanps 2£€K*64 
Zna oanit 256Kx64 
2na oanK 2S6KX64 
2no tann 256Kx64 


cccc: cccc 3 ' ::c::c:::c , 
cccccccccr ; ;;::::::t ■ 
c::c:cc:-t : :::: ccc: : { 


0C40 OOCO n 
OOAC 0008 " 
00*0 loc: n 
0050 0000 r 
COS? ??=5 r 


3fO oanK 256KZ64 
3rc oanK 256Kx64 
3re banic256Kx64 
am canK 256Kx64 
3rs banK 2S6Kx64 




0060 OOCC n 

0060 oooe n 

0060 1000 n 
0070 0000 h 
007= cc?e h 


4tn Dame 256KZ&4 
4in bank 256Kx64 
4m bank 2S6Kx64 
4m oanK 2S6Kz64 
4m bank 2S6Kx64 


0 0000 OQOC b 
0 0000 0000 D 

0 0000 0001 0 

1 0000 OCCO 0 


CCC0CC0C3O j 
0 cccc CCCC C 1 


Evtn Addr«ss«s 


0100 0000 n 
0100 0008 ft 
0100 1000 ft 
01 to 0000 h 

01 IP pppe 


istoantc256Kz64 
isi bank 2SeKx64 
UTbank256Kx64 
2nd bank 256Kx64 
2nd bank 256Kx64 


0 0000 OOCC S 
0 0000 OOOC D 
0 0000 001C c 
0 0000 0000 D 


c OOCC ccc: = * 
: OOCC ccc 5 

C OCOC OOCCO 
C OOCC COCC t 


0120 0000 n 
0120 0008 h 
0120 1000 h 
0130 OOCOn 
013F PrPe 


3rd bank 2S6Kx64 
3(d bank 256Kx64 
3« bank 256Kx64 
4m bank 2S6Kx64 
4tn bank 256Kx6a 


0 0000 OOCC C 
0 OOOO OOOC C 
0 OOCO 001C 0 
0 coco OOCC S 


3 OOCC CCCC: 

c COCC 05- : 2 1 

C GCCC CCCC Z 


Odd AddrttSMS 


0140 0000 M 
0140 0008 h 
0140 lOOOf. 
0150 0000 h 
015= P=PS f 


1 $t bank 256Kx64 
istbanK 2S6Kx64 
ntbank 256Kx64 
2nd bank 256Kx64 
2nc bank 256Kx64 


C 0003 OOOC D 
0 0000 0000 t 

0 0000 0010 0 
OOOCO OOOC 5 

1 * V. 1 1 • ! • t 


:ccc:ccii= ! 

C 3CCC QCO" C 
0 COOC COC* S 
* ^11 2 


0160 0000 n 
0160 0008 ft 
0160 1 000 ft 
0160 1000 ft 

017C CZZZ P. 


3rd bank 2S6Kx64 
3rc bank 256IC(64 
3rd oank 256Kx64 
4m bank 256Kx64 
4m bank 25€KxSi 


C COOO 0000 c 
C OOCO OOCC t 
C 0000 0010 D 

0 0000 OOCO b 


C OCOC OOC 5 
■ 0 0000 C011 S 
0 0000 OOC* = 
C CCOC 000" 5 
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Appendix C 
Programming Examples 



This appendix contains examples of programming 
the 82750PD in X86 assembly language and in "C". 



C.1 Host-SFB FIFOs 



C.1,1 Write FIFO 



The following example of code, shown first in x86 
assembly language and then in "C", miualizes the 
32-bit Host-SFB Write FIFO to address '0xFA0600' 
and then writes *0x0123' '0x4567' '0x89AB* to that 
address. The first write to the FIFO control register 
(WFCON. REG2-BYTE2) has the TEST bit set to 
iniaalize the FIFO. 



Assembly LonQuoQe 



MOV 


OX.REG2BrrE2 


.toad the I/O port address intc DX 


MOV 


DX,REG2BYTE2 


.Load the I/O pon address into DX 


MOV 


AL.40 


.Control Reg. TEST rnifializaoon and RS«0 


MOV 


AH.OO 


.Least Stgnificant byte of FIFO Adaress 






.Counter 


OUT 


DX.AX 


.Write the FiFO Address Counter Byte 


MOV 


AL.01 


.Control Reg. RS*i 


MOV 


AH.06 


-.Next byte o1 FiFO Address Counter 


OUT 


OX.AX 


;Wrrte the FIFO Address Coumer Byte 


MOV 


Al.82 


.Control Reg. AUTO No TEST and RS«2 


MOV 


AH FA 


;Most Signtficani byte of FIFO Address 






;Counter 


OUT 


DX.AX 


.Wme the FIFO Address Counter Byte 


MOV 


0X.REG2BYTH0 


.Point to the FIFO Data Recitsters 



c-1 



wRJ V 


MA.u i2j 


First word of data 


OUT 


OX AX 


.Output first two byres 


MOV 


AX. 4567 


.Second wora of daia 


CUT 


DX,AX 


Output next two oy^es 


MOV 


AX.89AB 


Third word of data 


OUT 


OX.AX 


.Output last two bytes 


MOV 


DX REG2BVTE2 


.Potntto the FiPO Corivoi Register 


MCV 


AX.0083 


Will select FIFO Test Register witn ctrrert 






.operatmg mode 


OUT 


DX.AX 


Flush FIFO Data Registers 



"C" LariQuaQe 



outpw(REG2BYTE2. 0x0040). 
outpw(REG2ByTH2, 0x0601). 
ouipw<REG2BYTE2. 0xFA82); 



outpw{REG2BYTE0. 0x0123). 
otitpw(REG2BYTE0. 0x4567); 
outpw(REG2BYTE0. 0x89AB). 
outpw(REG2BYTE2 0x0083). 



r Write FIFO address couriter tvte ' 
rar»d control (TEST. RS-0) * 
r Wnte next byte of FIFO address 
/ counter and control ( RS « 1 )* ' 
r Wnte most significant byte ot * 
address '/ 

rcounter and control {AUTO ' 
r no TEST, RS-2) 
r Wnte first word of data \ 
r Wnte second word ot oata * 
r Wnte third word of daa * 
r Flush the FIFO 



C.I .2 Read FIFO 



The following example of code, shown first in x86 
assembly language and then in "C". iniUalizes the 
32-bit Host-SFB Read FIFO to address '0x124200" 
and reads 6 bytes from the SFB. The first wnte to 
the FIFO control register (RFCON. REG3-BYTE2) has 
the TEST bit set to iniUakzc the FIFO. The first 
write to the 32-bit Read FIFO's FIFO Control 
Register must have the AUTO bit clear. This code 
leaves the FIFO in AUTO mode armed to fetch data. 
(The last OUT instrucuon sets the 32-bit Read FIFO 
Request m the hardware,) Because the FIFO 



Programming Examples 



Address Counter is at an even dword address and 
the FAST bit is set. the FIFO fills with 8 bnes of daia 
with just one intemaJ bus cycle. 

Assembly LanpuoQe 



MOV 


DX.REG3BYTE2 


Load the 1/0 part address into CX 


MOV 


AL40 


.Control Reg. TEST anc 3S-0 


MOV 


AH.OO 


.Least Sig. byte of FIFO Adcress Courter 


OUT 


DX.AX 


.Wme the FIFO Address Counter Syte 


MOV 


AL.01 


.Control Reg, BS«1 


MOV 


AH.42 


'.Next byte of FIFO Address Counter 


CUT 


DX.AX 


.Wme the FIFO Address Counter Byte 


MOV 


AL.92 


;Contro( Reg. AUTO. FAST No TEST 






.and BS-2 


MOV 


AH.12 


:Most Sig. byte of FIFO Adoress Counter 


OUT 


DX,AX 


;Wme the FIFO Address Counter Byte 


MOV 


DX,REG38VTE0 .Point to the FIFO Data Register 


IN 


AX.DX 


.Input the first two bytes 


IN 


AX.DX 


iinput the next two bytes 


IN 


AX.OX 


;lnput the last two bytes 



"C" Umcfuage 



outpw(REG3BYTE2. 0x0040). 
0Utpw{REG3BYTEZ 0x4201), 

outpw<REG3BYTE2. 0x1292). 



data - inaw{REG3BYTE0). 
data • inpw(REG38YTE0). 
data ■ inpw(REG3BYTE0). 



/* Write FIFO address counter ' 
Tbyte and control (TEST RS«0^ * 
* Wnte next byte of FIFO " ■ 
-''address counter and control *- 
r {RS«i)v 

" Wnte most significant byte of * 
/•address counter and cont/or 
r {AUTO.FAST. no TEST RS-2: 
r read first two bytes * 
r read next two bytes ' * 
r read last two bytes • • 
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Programming Examples 



C.2 Indirect i/0 to a Configuration Register 

The following code illustrates wnang to a &2750PD 
configurauon register by the indirect I/O method. 



Assemblij Lanpuaqe 



EVENREG 



OOOREG 



DONE 



MOV DX.REG4BYTE2 

MOV AL.OFEH 
OUT DX.AL 
address 

MOV DX.REG4ByTE0 

MOV AX.PBREGNUM 
OUT DX,AX 
memory address 
AND AX,02 
JNZ OODREG 

MOV DXREGSBYTEO 
MOV AX.PBOATA 
OUT OX.AX 
JMP DONE 
MOV OX.REG5ByTE2 
MOV AX.PBOATA 
OUT OX.AX 



.Load aaaress z* r>,zr. cvie o* 
.indirect address 

.PB host CFG register are cases at ==COOC 
•.init hign Dyie ot P5 memcr, 

.Load address of km & mio oyie or ircirect 
;3ddress 

.destred PB CFG regtsier 

:init tow and mid oyte of PB 

;ts It even or odd P3 CFG register 
,go to odd handler 

•Jow 16 bit of data CFG register 
:data to be wnnen 

.-wrrte data to addressed CFG reots^er 

:high 16 brts of data CFG rectste' 
:data to be wnnen 

iwnie data to addressed CFG 

regtster 



Reading the 82750PD registers would be 
accomplished in a sumlar fashion, except that the 
OUT instrucuons in the EVENREG and ODDREG 
secUon of code would be changed to IN. 



outpfREG4BYTE2. OxFE). " Set base address ot PB registers 

outpw(REG4BYTEO. PBREGNUM) r Select desired PB Register ' 
if(PBREGNUM, 0x02) " it the address ts odd. wnte data to ' 
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Programming Examples 



outpw(R5G5BYTE2. P3DATA). - REG5BVTE2 * 
else r it (he address ts even write 

'"data to * 

outDW(REG5BYTE0 PSDATA) " REG5BYTE0 " 

C.3 Writing to the maddr Register 

The 82750PD requires at least one instrucuon 
between a wnte to the moddr register and the 
execuuon of the instruction that is loaded by the 
write to maddr. The following two examples 
illustrate inserting this instrucuon. 



C-S 



Index 



82750PB. M. 2-1. 3-1 
82750PD incerrupt. See uuermpt 

A and B buses, 3-1. 3-3. 3-10 

address 

core source/destination. 4-6 

address bits 

82750PD, B-1 
DRAMAHRAM. B-1 

ALU. 3-4-3-8 

operaaons. 3-6» 4-12 

ALU Output Register. See aiu register. 

alu register. 3-4. 4-12 

ALUOP field, 4-11 

ALUSS field. 4-11 

arbiter. 6-1. 6-2-6-4, 6-10. 6-15, 6-49 
ASRC field. 4-5 ■ 

barrel shifter, 3-8 

BASE register. 5-10, A-2 

base value (B) of code symbol. 3-30 

BCNTL register. 5-9. A-2 

BDST field. 4-8 

bit shifting. 3-3 

branch 

condiaonal. 4-2. 4-5. 4-9 
unconditional. 4-5 



lndex-1 



broadcast mode. See mode, transmic 

BSRC field. 4-8 

bus 

A and B. See A and B buses. 
internal. See tntemcd bus. 

bus typts, 1-2. 2-2. 5-1 

byte swapping. 3-3. 4-9. 4-11. 5-26 

c-stat register. 3-36 

cc register. 3-3, 3-4-3-6, 3-11. 4-3. A-3 
bit definiuons, 3-6 

ccontrol register, 3-48, 3-49-3-50, 3-54. 5-57. 5-61 
A-4 

byte offset, 3-60 
CFGBASE register. A-5 
CFGBUS register, A-5 
CFGDATA register. A-6 
CFGGEN register. A-6 
CFGINT register, A-7 
CFGNUM register, A-8 
CFGSFBI4 register. A-9 
CFGSFBI5 register. A- 10 
CFSEL field. 4-3 

cintflag register. 3-48. 3-50. 3-54. 5-61. A- 1 1 
byte oflfset, 3-60 

circbuf register, 3-15 

and Core Output FIFO. 3-20 
and StaUsacal Decoder. 3-37 

Circular Buffer Register. See circbuf register. 

clock 

internal, 3- 1 



Index 



SFBI. 3-1 

SynchroLuik. 6-49. 6-50 
CMDO register. A- 11 
CNT field (bit), 4-8 
cm register. 4-8. 4-13 
cnt2 register. 4-S. 4-13 
code 

fixed-length, 3-24 
variable -length, 3-24 

code descnption table, 3-25. 3-27-3-30. 3-37 
reading, 3-36 
wnting. 3-35 

Condition Code Register. See cc register. 

condition flag. 4-2. 4-3, 4-5. 4-8 

condition flag outputs. 3-4 

core. 1-1 

architecture, 3-1 
overview, 3-1 

Core Control Register. See ccorwol register. 

Core Input FIFO, 3-14-3-19 
iniUalization. 3-18 
registers. 3-15 

Core Interrupt Flag Register. See cuizfiag register. 

Core Output FIFO. 3-19-3-62 
miuabzauon. 3-22 
registers, 3-20 

core registers, 0-1-7 

access by host CPU. 5-3 
access to. 3-2 
core access to. 3-55 
host access to, 3-55 
memory address offsets. 3-56 
naming. 1-3 

source/destinaaon addresses. 3-56 
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index 



Core Status Register. See cstams register. 

cstatus register. 3-48. 3-52, 3-54. 5-61, A- 12 
bvte offset, 3-60 

D 

data holding register. See Hosc-SFB Read FIFO. Kost- 
SFB Wnte FIFO 

data packet, 6-1, 6-4-6-16. 6-20. 6-33 
service compleuon. 6-11. 6-12 
service request. 6-9. 6-10 

data RAM, See DRAAl 

decoder. 3-33 

Decoder Hold Read Register, See *$tat^ register. 

Decoder Read Register, See 'stat-c register. 

Decoder SFB Pointer Registers. See stai-hL siax-Lo 
registers. 

Decoder Table Write Register. See stat-rom register. 

decoding algonthm. 3-30 

De\nce 0 

82750PD ineligible. 5-6 
role in configuration, 5-5 

device ID 

on SFBI. 5-5 

direct I/O. 5-1, 5-3, 5-13 

display memor>\ 2-9 

DRAM, 2-3. 3-9-3-10 

DRAMAT^M. B-1 

dramN register. 3-9 

E 

EISA bus, 5-1 

POS registers. 5-9 

EMSCFGn register. A- 13 
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"EMS" addressing. 2-6 

"EMS" mode. 5-17-5-24 

access to memory- address space. 5-2 

configurauon registers. 5-19. 5-21 

enabling. 5-22 

raappmg, 5-18 

PAR registers. 5-23 

setting up. 5-20 

window. 5-18 

window, enable/disable. 5-7 

event 

SFBI. 6-22. 6-52 

fcnt register, 3-14. 6-52 

and meta-mterupt. 5-57 

field 

DATA. 6-7, 6-21, 6-23. 6-33 
data packet. 6-6 

FCODE. 6-6, 6-9, 6-21. 6-33. 6-40 
FMATCH, 6-21 

microcode instruction. 4-2^-13 
semce number, 6-7, 6-40 

Field Counter. See fcnt register, 

FIFOs 

core FIFOs. See Core Input FIFOs. Core 
Output FIFOS 

Host-SFB. see Host-SFB FIFOs 

flush 

Core Output FIFO. 3-23 

frozen (processor). 3-13. 3-19. 3-23. 4-3 

funcaon code, 6-6. 6-8-6-17. 6-20. 6-21. 6-30. 6-32 
semce compleaon. 6-7. 6-8 
service request, 6-6, 6-8 

GENCOX register, 5-58. 5-59. 5-61, A- 13 
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General Concroi Register, See CENCOS register. 
General Status Register. See GENSTAT register 
GENSTAT register, 5-60. 5-61. A-14 

Halt mode. 3-13. 3-49 

conditions for, 3-52 

Horizontal Line Counter, See lent register. 

host bus. See also UHBL 

address configurauon. 5-6 
bus types, 5-1 

host I/O registers. 5-2. 5-13 

access by host CPU, 5-3 
address computation, 5-17 
address format. 5-16 
address map, 5-13 

Host-SFB FIFOs. 2-2 

Host-SFB Read FIFO. 5-2, 5-42-5-54. 5-45 
automatic increment. 5-48 
data holding register. 5-44 
empty. 5-45 
full. 5-46, 5-47 

prevent bus acquisiuon for testing, 5-47 

programming example. C-2 

registers (REG 3), 5-14 

residual data, 5-47 

savmg and restonng the state. 5-53 

Host-SFB Read HFO Address Counter Register. See 
RFCNTR register, 

Host-SFB Read FIFO Control Register, See RFCOS 
register, 

Host-SFB Read FIFO Data Register. See RFDATA 
register 

Host-SFB Read FIFO Selected Bvte Register. See 
RFSELB register. 
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Host-SFB Read FIFO Test Regisier. See RJTEST 
register, 

Host-SFB Wnte FIFO. 5-2. 5-28-5-42 
automauc increment. 5-36 
data holding register. 5-32. 5-3S 
empty, 5-31. 5-33 
flush. 5-32 
fuU. 5-34 

prevent bus acquisiuon for testing. 5-35 

progranoniing example. C-1 

registers (REG 2), 5-14 

saving and restoring the state. 5-40 

WFCNTR register.. See WFCNTR register. 

Host-SFB Wnte FIFO Address Counter. See MTCSTR 
register 

Host-SFB Write FIFO Control Register. See IVPCO.V 
register, 

Host-SFB Write FIFO Data Register. See WTDATA 
register, 

Host-SFB Write FIFO Selected Byte Register. See 
WFSELB register. 

Host-SFB Wnte FIFO Test Register. See WTTEST 
register, 

I/O. See direct I/O, indirect I/O. 

I/O window 

configtiratjon. 5-5, 5-7 
enable/disable. 5-7 

ID 

message. 6-6, 6-10. 6-12. 6-15. 6-51 

illegal 

bit combinations. 1-4 
INDADDR register. A- 16 
INDDATA register. A- 16 
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indirect address register (REG41. 5-14. 5-24 

indirect data register (REGS). 5-14. 5-25 

uidirect I/O. 5-24-5-27 

access to memory address space. 5- 1 JJ^ 
programming example. C-4 

inN-c register A- 14 

bit defiruuons, 3-15 
reading when empt\\ 3-19 

inN-lo. inN-hi registers. 3-15 

'inN register, 3-15 

INT CFG register, 5-61 

interleaved memory, 2-6, 2-8, 2-9 

internal bus, 0-2-8, 3-1 

access by host CPU and 82750 core. 5-3 
and Core Input FIFO, 3-14 
consecuUve cycles bv Host-SFB Read FIFO. 5- 
46 

consecuUve cvcles by Host-SFB Wnte FIFO, 5- 
34 

internal bus cycles 

single and mulaple. 5-4 

interrupt, 3-47. 5-53-5-62. 5-54 
configunng, 5-62 
core registers. 3-47 

DINT bit for edge- or level- triggered host bus, 
5-59 

enable bits, 3-50 
enable bits, status of, 3-52 
Even Field interrupt. 3-50. 3-54 
flags, 3-50 
handler, 5-60. 5-62 
HLINE code, 5-58 
microcode mterrupt, 3-8. 3-50 
Odd Field mterrupt, 3-50. 3-54 
overflow flag, 3-51 
set-up procedure, 5-61 
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sources. 3-47 

summan-, 3-54 

to host. 3*47, 5-2, 5-54 

VBISS code interrupt. 3-54 

Verucal Blanking mterrupt, 3-50. 3-54 

\'EVEN code. 5-58 

VODD code. 5-56 

"interrupt host" operation. 3-S 

mvitaUon acknowledge. €-4. 6-5. 6-6. 6-7. 6-10. 6-12. 
6-15 

lO.BASE. A-2 

lO.START. 5-13. A-2 

ISA bus, 5-1 

PCS informauon, 5-9 

ISA bus type, 3-50 

L 

latch 

Abus> 4-11 
ALU input, 4-11 
ALU output, 4-11 
Bbus, 4-11 

LC field (bitl. 4-13 

lent register, 3-14. 6-52 

and meta-mterupt, 5-57 

LIT field, 4-9 

logical address, 1-2 

loop counter, 4-13 

loop counters. 3-10-3-1 1 

loopback capabllitv. 6-4 

M 

maddr register. 3-12 

programming example. C-5 
writing to. 3-13 
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Match Service Register, See MSRV register. 

MCFG register. 5-56, 6-18. 6-47. 6-48, A- 17 

mcodeN register. 3-12. 3-13 

memon* 

DRAM, See DRA.Vf. 
interleaved. See interleaved memory. 
MRAM. See MPAM. 
non-symmetncal. B- 1 
off-screen» See offscreen merTwry. 
Reserved. See Reserved memory 
SFB. ,S€€SFB. 
symmetncal. B-l 

memor\- address space, 2-4-2-7 

SynchroLink registers. 6-17 

message 

broadcast, 6-21, 6-30-6-32 

service completion. 6-11. 6-21. 6-22. 6-35-6- 

43. 6-36, 6-39, 6-40 

semce completion programming sequence. 6- 
38, 6-42 

semce completion, defmed, 6-40 

service request, 6-5. 6-9.* 6-21, 6-22. 6-35-6- 

43, 6-37. 6-39 

sennce request acknowledgement. 6-9 
semce request programmmg sequence, 6-38. 
6-42 

Message Configurauon Register. See MCFG register. 

Message Status Register. See MSTATUS register. 

meta-intemipt, 3-48. 5-53-5-62. 5-54. 6-1. 6-3. 6-22, 
6-35. 6-50, 6-52-6-54 

effect on fcnt register, lent register. 5-57 

HLINE code. 5-57 

VI CODE or V2C0DE. 6-53 

VEVEN code. 5-57 

VODD code. 5-57 

Micro Channel bus. 5-1 

POS registers, 5-10 
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Micro Channel P0S3 Register. A- IS. A- 19 

microcode 

instruction. Chapter 4 
instrucuon format. 4- 1 
instrucuon sequencmg, 4- 1 
instrucuons. 1-1 

Microcode Address Register. See madcir register. 

Microcode Instrucuon Register. See mcodeS register 

microcode interrupt. See inzemipL microcode. 

Microcode RAM, See MRAM, 

mode 

broadcast, 6-23 

broadcast receive. 6-20. 6-24. 6-32. 6-44 

broadcast transmit. 6-20. 6-24. 6-30, 6-42 

senace. 6-23 

scnnce completion. 6-24 

service request, 6-24 

XCVRn register. 6-23, 6-24. 6-51 

modes 

Pixel Interpolator, See Pixel Inierpolaior modes, 

MRAM. 2-3. 3-11-3-14 
organization. 4-2 
reading. 3-12 

wnung instrucaon to, 3-12 
MSRV register. 6-7, 6-18. 6-45. A- 19 
MSTATUS register. 6-18. 6-19. 6-43. A-21 

NACK, 6-21, 6-36 
NADDR field, 4-2.4-4, 4-5 
notauon. 1-3 



off-screen memory, 2-9 
operating modes. 3-49 
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ouL\-+ register. 3-20 
outN-c register. 3-20. A-22 
outN-lo. ouL\-hi register. 3-20 
•ouL\ register. 3-20 



PAR registers. 5-13. 5-18 

PARn register. A-23 

pc register, 3-12, 4-2 

prograinimng example. C-6 
writing to, 4-2 

PCI bus. 5-1 

POS registers. 5-11 

PCI bus type. 3-50 

performance momtor operaaon, 3-8 

physical address, 1-2 

Pixel Interpolator, 3-41-3-47 
modes. 3-42 
painng, 3-42 
pipelinmg. 3-43. 3-46 
pixel pair phase. 3-43, 3-46 
pixel painng selecaon. 3-45 
start up sequence. 3-43 
stan-up delay, 3-43, 3-44, 3-47 
weightings. 3-41. 3-44 

Pixel Interpolator Control Register. See pvcnt-c 
register. 

Pixel Interpolator modes 

Random-2D. 3-42. 3-43-3-44 
selecuon. 3-45 
Sequenual-2D. 3-42. 3-43 

pixmt-c register. 3-44, A-24 

pointer 

DRAM. See dramN register 
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SFB, See SFB pomier. 

polant>' 

bits in nin-in sequence. 3-37 

POS registers, 5-6. 5-7 
EISA bus, 5-9 
ISA bus. 5-9 

Micro Channel bus. 5-10 
PCI bus, 5-11 
VL-Bus. 5-12 

pnonty 

transmission requests bv XCVRn registers. 6- 
29 

Program Counter. See pc register. 

programming 

examples* 1-2 

programming sequence 

broadcast receive mode, 6-33 
broadcast transmit mode. 6-31 

protocol 

devices in logical slot. 5-5 

R (index to code description table). 3-27 
rO register 3-3. 4-10 

Receive Service Register, See RSRV register, 

references. 1-5 

REG0-REG7. 5-14 

registers 

core. 3-3 

general purpose. 3-3-3-4 
naming, 1-3 

RAM. See MRAM registers 
SynchroLink interface, 5-54. 6-17. 6-53 

Reserved 

bits, bj^es. 1-3 
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Reserved memory. 2-10 

RFCNTR register. 5-42, 5-43, 5-49-5-50. A-25 
accessing bytes. 5-44 
warning on wnte, 5-46 

RFCON register, 5-42. A-26 

warning on wnte. 5-46 

RFDATA register. 5-42. 5-49. 5-52-5-53. A-2S 
reading, 5-50 

RFSELB register, 5-42. 5-44. A-29 

RFTEST register, 5-45, 5-50, A-29 

RSRV register, 6-18, 6-39. 6-43. 6-44. 6-45. A- 30 
affected by meta-interrupt event. 5-55 
effect of SFBI event, 6-54 

KSVD 

bits, bytes. 1-3 
run-in sequence. 3-26 

senrice acknowledgement, 6-5. 6-11 

senice completion. See message, service completion: 
see made, service completiOTL 

service number, 6-7, 6-8. 6-9, 6-10, 6-1 1. 6-12. 6-2 K 
6-40. 6-47 

recognized, 6-41. 6-45, 6-47 

service request. See message, service requesv see 
mode, service request 

semce successful, 6-13 

SFB. 1-1, 0-1-10 
access. 5-3 

access by host CPU. 5-2 
and Core input FIFO. 3-14 
and Core Output FIFO, 3-19 

SFB pointers 

bvte addresses, 3-57. 3-60 
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for Statisucal Decoder, 3-36 

SFBI. 1-2, 0-1-3, 6-1 
event, 5-54 

SFBI event, 5-55. 6-1, 6-22 

Shared Frame Buffer Interconnect, . See SFBI. 

SHFT field, 4-9 

signal event, 6-4. 6-7, 6-12, 6-15 

slot (logical! 

configurauon. 5-5 

protocol for devices sharing, 5-5 

shared by muluple devices. 5-5 

snooping (data). 5-6 

Micro Channel bus. 5-11 
PCI bus. 5-12 

source 

on SynchroLink, 6-2-6-4 

source/destination coding. 4-5. 4-6 

start bit. 6-4. 6-6. 6-10. 6-15 

stat-c register, 3-25, A-31 
bit definitions, 3-34 

stat-hi, stat-lo registers, 3-25 

stat-ram register, 3-25. 3-36 

•stat register, 3-25, 3-36 

•stat# register, 3-25. 3-37 

Staustical Decoder, 3-24 
codes. 3-25 
decode tune. 3-38 
END mode. 3-31-3-32 
registers. 3-24 

SHORT mode, 3-30-3-31. 3-33. 3-37 
variable-length code. 3-25 

Statistical Decoder Control Register, See szax-c 
register. 
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Step mode. 3-49, 4-3 

switch over, 6-4. 6-6. 6-7, 6-9. 6-10. 6-12. 6-15 

SvTichroLink. 1-2. 0-2-3. 2-2. 6-1 
frequency, 6-48 

SmchroLmk mteiface. 0-3, 3-1.6-1. 6-22 

affected by meia-interrupts. 5-55. 6-54 

configurauon. 6-47, 6-51 

registers. See registers. SynchroLi-vc inte-yace, 

SynchroLink registers, 0-3-4 

access by host CPU. 5-3 

target device, 6-7 

on SynchroLink, 6-2-6-4 

Transceiver Register, SeeXCVRn register. 

UHBI, 1-2.0-2-4,2-2 

access to multimedia system, 5-1 
address configuration, 5-4 
bus types supponed, 5- 1 

UmversaJ Host Bus Interface, See UHBL 

VICODE. 6-50 

VICODE event, 5-56 

V2C0DE, 6-50 

V2C0DE event. 5-56 

variables 

notation for, 1 -3 

VBVS, 3-1. 5-57. 6-1 

code. 5-56, 5-57 
pnonty. 5-57 

VBUS code, 3-14 

updatmg lent register, 3-14 
VEVEN code. 3-14 
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VODD code. 3-14 

VBUSL\ pins. 6-50 

VL-Bus, 5-1 

POS informauon. 5-12 

wait states _ 
host bus reading from Host-SFB Read FIFO, r- 

46 

host bus writing to Host-SFB Wnte FIFO, 5-cr 

WFCNTR register, 5-29. 5-36, A-32 
accessing bytes, 5-36 
warning on wnte, 5-37 

WFCON register. 5-29, 5-31-5-36, A-33 
byte selection, 5-31 

WFDATA register. 5-28, 5-37. A-34 

altemauon of bytes for wnte. 5-38 

loading, 5-38 

loading procedure, 5-39 

write restncaons. 5-37 

WFSELB register, 5-31, 5-33, 5-41. A-35 

WFTEST register, 5-33, 5-41. A-35 

workspace 

82750PD. 2-10 
graphics. 2-10 

XCVRn register, 6-18, 6-20, 6-37-6-39. A-36 
broadcast receive mode, 6-32 
broadcast transmit mode. 6-30 
enabling meu-mterrupts. 5-55. 6-54 
mode. 6-23 
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EXPERT REPORT OF WILLIAM G. MEARS 
I have prepared this expert report at the request of respondent ATI Technologies, Inc. 

B ' " " 

fi and if called to testify as the contents of the report, could and would testify competently 

111 

j| thereto. In this report, 1 consider issues of validity relating to asserted claims of U.S. Patent 
J No. 5,598,525 ("the '525 patent"). I will describe the 1280 and VIPER series graphics and 
^ video controller products that were designed, manufactured, and sold by Parallax Graphics, 
^ Inc., a company that I co-founded in 1982, As I detail in my report, the 1280 and VIPER 
IP graphics and video controllers contain features and fimctionality that are described and 
claimed in the *525 patent. In fact, we at Parallax were implementing the architecture and 
functionality set forth in the '525 patent many years before the patent. We were years ahead 
of most others in the industry in our work dealing with the merger of video and graphics. 

As fully explained below, I believe that asserted claims of the '525 patent are invalid 
in view of the 1280A^IPER products. In forming my opinions, I rely on my knowledge and 
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experience in the field of graphics and video controllers, and on certain documents and 
information that are specifically referenced in the report. I would like to point out that my 
work in this case is continuing and that this report represents only a current evaluation of my 
positions on validity. I may supplement this report as additional information becomes 
available and my trial testimony may also include additional views developed in connection 
with my ongoing work in this case. I also may submit a rebuttal expert report regarding any 
issues raised by Cirrus' s experts. 

MY GENERAL BACKGROUND 
I have over 15 years of experience in video and graphics product development. That 
experience is summarized in my resume which is attached hereto as Exhibit 1. At the hearing 
# in this case, I may offer testimony relating to my background and experience, some of which 
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is captured in my resume. 

Briefly, however, much of my experience derives from my work at Parallax from 1982 
through 1991, a company I co-founded. I describe this experience in more detail below. 



I After Parallax, 1 worked at Force Computers as a manager in the VME Engineering group 

It 

^ where 1 designed and developed VME processor cards that were successfully launched into 



the market. In early 1994, I started my own contracting business where I worked with a 
number of companies to develop integrated Computer GraphicsA^ideo products for a variety 
of applications. In early 1995, I was asked to be Director of R&D at Viewgraphics, Inc. 
where 1 developed and brought to market the company's Serial Digital Adapter (SDA) & 
Digital Data Adaptor (DDA) product families. These products successfully interfaced 
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broadcast quality real-time video and were successfully introduced to the computer market. 1 
am now Vice-President of Cogent Technology, a company that I have co-founded. At 
Cogent, I have developed architecture and performed designed work for a MPEG-2 transport 
stream processing product line. This product line is intended to facilitate the deployment of 
the digital television broadcast infrastructure. I have a Bachelor of Science in Electrical 
Engineering from Cornell University. 

I am being compensated for my efforts in this case at my standard consulting rate of 
$250/hr. My compensation in this case is not tied to the result of the litigation. 

In the preceding four years, I have not provided any expert testimony at trial or in 
deposition. In the preceding ten years, to the best of my recollection, I have authored no 
publications dealing with the subject of graphics and video. 

PARALLAX GRAPHICS - THE COMPANY 
In 1982, I co-founded Parallax to fill a need in the market for high performance and 
low cost graphics. We envisioned designing and producing boards that would replace high 
^ overhead and high cost "box" like equipment, yet provide at least the same level of 
i functionality and performance of previous generation products. Because of my previous 
exposure to video, I felt it was critical to integrate video and graphics in the architecture of 
our products. 

In 1982, we designed our first product referred to as the Parallax 600. This product 
had the ability to capture and display video in real-time and could overlay graphics on a live 
video background using a simple form of color-keying. This product was successful 



predominantly because of its ability to integrate graphics and video. We sold many hundreds 
of these systems which were used by, for example, Clairol to do visual make-overs of 
people's images by capturing real-time images and overlaying them with graphical data. The 
product also captured real-time motion video for overlay. Although the product was 
successful, it had problems. Specifically, the Parallax 600 processed video in the graphics 
space. That is, the product used 8 bits per pixel to store both graphics and video data. The 
color was derived by using RGB format with three bits for red, three for green, and two for 
blue. This only provided for a total of 256 colors that were used for both video and graphics. 
This was not enough color subtlety for high quality video. 

So we began to explore alternative storage formats for the video data. The human eye 
# sees most detail in terms of black/white images or luminance. Thus, if more bits of storage 
^ are allocated to "luma" image and less to the "chroma" image, the resulting data format would 

csns 

^ be more visually appealing with the same number of bits. This storage data format is well 

known as YUV in the video industry (and indeed was known in the 1950's during the 
5 transition from B/W to color television broadcast). When the data is sampled in the YUV 

m 

IB format, only one sample of U & V (or chroma) is needed for each four Y (or luma) samples. 
For example, across a sample of four pixels there would be four 6 bit luma samples, and one 
sample of each U & V at a resolution of four bits. The visual perception created a pixel of 
16.536 possible different colors, far more than the 256 colors of the previous system. Also, 
this approach freed the color tables to be available to the user's preference for graphics colors. 
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We (and, in particular, I) applied these principles to the design and architecture of a 
next generation product referred to as the 1280, Design for this product began by early 1984. 
In designing the 1280, we had several design goals in mind: (1) display resolution at 1280 x 
1024; (2) ability to capture and display with enhanced resolution as compared to the 600; (3) 
increased graphics performance with increased off-screen memory; (4) and increased 
integration to reduce product size and power demands. With these objectives, we designed an 
architecture for the 1280. 

The design of the new video encoding format, as well as the ability to display video 
on a high resolution display was innovative and deemed patentable at the time. However, 
Parallax Graphics chose to ixse protection of trade secrets as our operating paradigm, rather 
# than pursue patents for the purpose of protection. As described below, however, there are 

w 

^ contemporaneous documents describing the operation of our products. 

■0- 

M During this time frame (early to mid 1984), we also had discussions with Martin 

, Marietta about implementing our design and architecture in conjunction with products 

%^ 

ti produced by them. In this regard, Martin Marietta actually participated in the design 

Mi 

M specifications for the 1280 in order to ensure that our product would meet their needs. Martin 
^ Marietta was developing a portable tactical computer that tised video discs to store maps, a 
product referred to as AS AS. This product was being designed for the military. The 1280 
was to be the display for the ASAS work station, and was required to capture live video, and 
overlay graphics onto the video. Because of their need to display graphics over video, we 
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enhanced our design to include ••graphics-over-video" features. These enhancements included 
the ability to draw graphics directly over the video, in addition to having video windows. 

The result of our efforts were completed sometime in 1985 and in 1986 we were 
shipping the product to customers, including Martin Marietta. A write up of our product 
appeared in a March 25, 1986 article entitled "Coprocessors Provide Integrated Video and 
Graphics," written by Marty Picco, a co-founder of Parallax. 

The 1280 series graphics processor was very successful, particularly because of its 
unique ability to capture and display live video. For example, Boeing used it to dramatically 
improve its documentation for its 747. Boeing used the 1280 to create laser disc based 
manuals that replaced the paper manuals previously used at Boeing, which filled a tractor- 
^ trailer. The system was implemented by Boeing to display textual description of procedures 

relating to its many thousands of parts and would display an instructional video along side 
^ graphics and text. Our controllers were also used to pilot remote control robots used m the 
^ clean-up of the Three Mile Island nuclear accident. To the best of my recollection, other 
5 customers include Electronic Data Systems, the Israeli Ministry of Defense, and Texas 
|§ Instruments. The 1280 was designed for use in Q-Bus and VME workstations from 
it companies like Digital Equipment Corp,, and Sun; there was also a version for IBM PCS. 
Through the inuroduction of this product, our annual sales volume increased from relatively 
little to over three million dollars per year. The products, depending on the configuration, 
sold from $9,000 to $35,000 each. 
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The 1280 was successful and possessed many product features not otherwise available 
in the market place during this period of time. In an effort to keep the 1280 product 
competitive in the market place, we envisioned a next generation product called the VIPER. 
This product would reduce the size and cost of the 1280 by consolidating discrete circuitry 
into gate arrays that reduced the power and space requirements in the design. The VIPER 
was introduced sometime in 1988. The VIPER is described in a version of its users manual 
dated 1989 (ATI031566-ATI032067). A picture of the VIPER displaying graphics and 
multiple video windows is depicted in a 1989 publication entitled The NEWS Book. We 
were selling an average of 50 VIPER controllers per month during this time period and our 
annual revenues increased to 9 to 10 million dollars per year. I note that at this period of 

M time, the market began to see the emergence of windowing systems such as NEWS for Sun 
workstations and "X" for DEC workstations. Our product was used with both which further 

IS enhanced our sales. 

I The success of the Parallax 1280 and VIPER products did not go unnoticed in the 

5 industry. In 1989, we were acquired by a company called Dynatech Corporation, a 400 
ffi million dollar publicly traded company, which continued to sell the product. I left the 
company in 1991. 

PARALLAX - THE PRODUCTS 

The Parallax 1280A^IPER series graphics and video processors can be understood with 
reference to a Parallax 1280 technical manual (ATI032068.ATI032775); a Parallax VIPER 
technical manual ( ATI03 1 566-ATI032067); an excerpt from The News Book at pp. 178-221 



8 



(ATIO -ATIO ); and a March 25.1986 Digital Design article entitled "Coprocessors 

Provide Integrated Video and Graphics." by Marty Picco (a co-founder of Parallax). I also 
have in my possession sample 1280 and VIPER boards. 
A. THE 1280 SERIES 

The architecture and functionality of the 1280 series controller is now described. The 
architecture can best be understood by considering its different functional blocks. In the 
Parallax 1280 technical manual (ATI032068-ATI032775), there is a high level functional 
block diagram that generally depicts the functionality of the 1280 product. See Figure H-5 on 
page H-27 (ATI032738). For purposes of this discussion, I will consider the following 
functional blocks: (1) control/processor section (2) display memory section; (3) video input 
section; and (4) display generation section. 

IrJ 

The control processor section consisted of a core processor that was responsible for 

5 choreographing all operations of the controller. The core processor accepted high level 
instructions from the host and translated them into multiple low-level read and write 

5 instructions that were issued to the display memory circuitry. The host sent both graphics and 
W video data to the core processor over the system bus. More specifically, the graphics or video 

6 data from the host was received by the Bus Interface Unit (BIU), which is a multi-aperture 
port. As well as converting host commands, the core processor was also responsible for 
controlling the display generation circuitry. Additionally, the core processor also directed the 
read out of data from memory. 
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The core processor performed various manipulations on display memor>' which 
included (1) writing a single pixel; (2) writing a horizontal run of solid color pixels of 
programmable length and position; (3) writing a repeating pattern of pixels (STIPPLE); (4) 
copying a horizontal run of pixels from one area in memory (such as off-screen) to another; 
(5) and importing horizontal run from the real-time video interface. As well as controlling 
what pixels were written, the core processor also had control over the Access Attribute 
Control, which had the role of modifying and enabhng the writing of each pixel on an 
individual basis according to the mapping specified by the Access Attribute Control. 

In the 1280, display memory was interleaved by a factor of eight. This means that 
eight locations are read or written simultaneously. The interleave was organized horizontally 
such that a single access to memory would read eight horizontally consecutive pixels. This 
M interleaving was important to achieve the necessary data rates demanded by the display while 
^ still retaining sufficient bandwidth for drawing into and modifying display memory. Access 
^ to display memory was timed-division-multiplexed, meaning that either the display circuitry 
or the access circuitry would have sole access that was traded off as necessary. The display 
IP circuitry, however, always had priority. 

m The display memory (or frame buffer) of the 1280 had a dimension of 2048 x 2048, or 

320 percent of the memory necessary for a 1280 x 1024 display. The frame buffer had on- 
screen and off-screen memory that each stored any kind of data including video and graphics 
data. The frame buffer also stored the graphics and video data in their respective graphics 
and video formats (i.e. RGB for graphics and YUV for video). The frame buffer had no 
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restriction on the size or position of the video or graphics areas (other than video areas needed 
to start and end on muhiples of 4 pixels horizontally). While the standard configuration of 
the product employed an 8 bit depth of the display memory, we also offered 16 and 24 bit 
versions of the product to certain customers who demanded it. With this extended memory 
option, certain additional display features were made available. 

The J 280 also had a real-time video port as shown in the Figure. The function of this 
port was to decode an analog RSI 70 color video signal and convert it to a digital bit stream. 
Synchronization information from the analog signal was separated from image data and sent 
to the control processor that managed the frame grabbing process. The control processor also 
included circuitry that generated a memory address for the video data. The image data was 
^ formatted into video mode byte stream that was written directly into the display memory 

during the frame grabbing process. 
? Finally, the display generation circuitry of the 1280 is described This circuitry 

^ performed two basic functions: (1) control the timing and synchronization of memory 
m retrieval from the frame buffer to the raster scan of the display monitor and (2) process the 

sis.;"* 

pi Stream of pixels as either video format pixels or graphics, and deliver them to the monitor at 

Si the appropriate time. 

The timing and synchronization circuitry used an origin register that was written by 
the core processor. The origin register included the number of lines of data to be displayed 
from that origin. When the display of those lines were completed, the display generator 
would interrupt the core processor for the next display segment. This technique permitted the 
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screen to be split into multiple independent display regions. As well as controlling split 
screen operations, the control processor programmed a SYNC generator with appropriate 
monitor parameters. 

While only 1280 x 1024 pixels were displayable in any given frame, ALL of the 
display memory was viewable by simply changing the values loaded into the display origin 
register. This means that graphics and video format data stored in off-screen memory could 
be easily displayed without copying it to the on-screen area of memory. 

The second part of the display circuitry processed the stream of pixels. Pixels were 
processed as either video or graphics depending on the value of the display attribute map 
(DAM). This extra bit plane in the frame buffer was used to distinguish areas of video 
ili format data from areas of graphics format data. The display stream hardware was comprised 
of two pipelines: one pipeline for video and one pipeline for graphics. The graphics pipeline 

f 

5 passed each pixel through an 8 x 24 color look up table yielding a 24 bit RGB pixel. The 
5^ video pipeline processed the video format data, which included decoding YUV into RGB. 

A multiplexer served as data selector, or overlay generator, that would selectively pass 

ft 

data from either the video display pipeline or the graphics display pipeline through to the 
monitor in a manner that was mode dependent, Le. graphics mode, video mode, and graphics 
over video mode. All display memory data was passed to both pipelines; based on the 
DAM bit, contents from the display memory would be output as either video format data, or 
as graphics format data. Data output from the other pipeline for that pixel location was 
simply discarded. In an optional display mode known as graphics over video, bit zero of each 
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luma sample in the video pipeline acted like a color key. In the case where bit zero was off 
(i.e. 0), video samples passed through the video pipeline as described above. In the case 
where bit zero was on (i.e. 1), bits 1-5 were treated as a pseudo color graphics pixel and 
displayed from the graphics pipeline. Thus, 32 colors were made available to display graphics 
pixels within a video region on a pixel by pixel basis. 

In the case of 16 and 24 bit memory options, the display circuitry could treat graphics 
areas as true color pixels. This means that if the DAM bit was a 0, that the graphics pixel 
would be generated in true color mode from a full 16 or 24 bits of display memory. If the 
DAM bit was a 1, then the video format pixel would be generated exactly as described above. 

B. THE VIPER SERIES 

fi As I noted above, we at Parallax created the next generation product called the VIPER 

1 in order to reduce power consumption, space requirements, and the cost of the processors to 
:i our customers. This was intended to ensure that the 1280 had continued viability into the 
jr future. With these design objectives in mind, we modified the 1280 by consolidating discrete 

fl circuitry into gate arrays that reduced the power and space requirements in the design. The 

II 

P functionality and architecture of the VIPER is otherwise the same as the 1280. As such, 
everything I said above with respect to the 1280 equally applies to the VIPER. 

C. SUMMARY OF FUNCTIONALITY FOR THE PARALLAX 1280A1PER 
PRODUCTS 

To summarize the architectural and functional features of the 1280A^IPER, I identify 
the attributes of the 1280A^IPER products: 

(1) The 1280A('IPER merged video and graphics data from a single multi-format 
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frame-buffer for simultaneous display on a computer monitor. Multiple video windows could 
appear anywhere on the display monitor. There was no specific correspondence between the 
location of the video data stored in the frame buffer and the location of the video window on 
the monitor. 

(2) The 1280/VIPER had a multi-aperture port for receiving both video and 
graphics data from the system bus. The arriving data had a host assigned address that was 
temporarily stored in an address buffer. 

(3) The 1280/VIPER used a single frame buffer to store both video and graphics 
data in their native formats (i.e. RGB and pseudo-color for graphics and YUV for video). 
The frame buffer had on-screen and off-screen areas. Also, YUV video data could be stored 

J in either off-screen or on-screen memory and RGB graphics data could be stored in either on- 

a"; 

screen and off-screen memory. 
^1 (4) The 1280A^IPER contained circuitry for writing into on-screen and off-screen 

r areas of the frame buffer. The 1280A^IPER also contained circuitry for selectively retrieving 
5 data from on-screen and off^screen portions of the memory and directing the data to the back- 
W end graphics and video pipelines. 

1^ (5) The 1280/VIPER had a graphics over video mode that utilized a version of 

color keying to overlay video with graphics. In other modes, the control overlay circuitry 
switched data streams at the output with the presence of the DAM bit. 

(6) The 1280A^IPER has a real-time video port that decoded analog RSI 70 color 
video signal and converted it to a digital bit stream in a YUV format. The control processor 
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also included circuitrv- that generated a memory address for the video data. The image data 
was formatted into a video format byte stream which was written directly into the display 
memory during the frame grabbing process. 

THE '525 PATENT 

The '525 patent is entitled "Apparatus, System and Method For Controlling Graphics 
And Video Data in Multimedia Data Processing And Display Systems," and issued on January 
28, 1997. The '525 patent contains a total of 47 claims with claims 1, 13, 25, 34, 37. and 43 
being independent claims. In the hearing in this case, I may offer testimony generally 
describing the '525 patent from the perspective of one skilled in the art. 

I understand that a patent claim is invalid based on anticipation if one prior art 

1 

'M reference or product includes ail the limitations of tliat claim. I also understand that a patent 
^ claim is invalid based on obviousness in view of one or more prior art references. I am told 

3 that when examining the question of obviousness, one must consider the following factors: 
r scope and content of the prior art; level of skill in the art; differences, if any, between the 
ffl invention claimed and the prior art; secondary considerations including commercial success, 
W copying, long-felt need, and other independent development of the claimed invention. I am 
^ also told that obviousness must be tested as of the time the invention was made. One must 
ask the questions, "Would this have been obvious to a person having ordinary skill in the art 
at the time the invention was made?" 1 am also told that the test for obviousness is what the 
combined teachings of the references would have suggested, disclosed, or taught to one of 
ordinary skill in the art. 
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I also understand that the plaintiff in this case claims to have made the invention of 
the '525 patent in September 1993. At that time, the level of skill in the art of graphics 
controller development and also the art of video product development was quite high. At the 
same time, the multimedia market was expanding quite quickly, creating an incentive to 
provide products which combined video with graphics. There was a large demand for 
designers with overlapping skills. A person of ordinary skill in this combined area would 
have experience designing graphics controllers as well as video processing circuits and would 
have been familiar with many different design choices. I was such a designer, and at the 
time, knew other designer with similar skills in the art of video/graphics controllers. In the 
following chart, I compare the elements of the claims of the '525 patent with the Parallax 
« 1280/VIPER products and with my knowledge of ordinary skill in the graphics/video art. In 
1 doing so, I interpret the words of the claims according to their ordinary meanings to me as an 
1i engineer. I am not a lawyer and am not attempting to give legal meaning to the claims. I 
I understand that doing so requires consideration of the patent specification, the patent 
5 prosecution history, and numerous legal principles. I have read the patent specification but 
© not the prosecution history. Once the claims have been legally construed in this case, I 
^ reserve the right to modify the chart below. I also must again stress that my investigation is 
continuing, and that additions and/or deletions may be made in the future and reflected in my 
trial testimony. For trial, I may also prepare diagrams, other charts, and possibly a 
demonstration that illustrates the architecture and operation of the Parallax products. 
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APPLICATION OF THE PARALLAX 1280A^IPER TO THE ASSERTED CLAIMS 
CLAIM 37 IS INVALID OVER PARALLAX 



CLAIM 37 


PRIOR ART 


37. A display controller comprising: 


Parallax 1280A^IPER 


circuitry for selectively retrieving data 
from an associated multi-format frame 
buffer for simultaneously storing graphics 
ano viaeo aaia. 


circuitry in Parallax 1280A^IPER for 
selectively retrieving graphics (RGB) and 
video (YUV) data from display memory. 


a first pipeline for processing words of 
graphics data selectively retrieved from 
said frame buffer; and 


circuitry in Parallax 1280/VIPER for 
processing graphics (RBG) data 


a second pipeline for processing words of 
video data selectively retrieved from said 
frame buffer. 


circuitry in Parallax 1280/VIPER for 
processing video (YUV) data 


CLAIM 43 IS INVALID OVER PARALLAX ^ 


CLAIM 43 


PRIOR ART 


43. A display controller for interfacing a 
multi-format frame buffer and a display 
device, the multi-format frame buffer 
having on-screen and off-screen areas each 
for simultaneously storing both graphics 
and video pixel data^ said display controller 
comprising: 


Parallax 1280A^IPER. with frame buffer 
for simultaneously storing graphics (RGB) 
and video (YUV), each in on-screen or 
off-screen areas 


circuitry for selectively retrieving pixel 
data from a selected one of said on-screen 
and off-screen areas of said frame buffer; 


circuitry in Parallax 1280A^IPER for 
selectively retrieving graphics (RGB) and 
video (YUV) data, from either on-screen 
or off-screen regions of the frame buffer 


a graphics backend pipeline for processing 
graphics data retrieved from said selected 
one of said areas of said frame buffer; 


circuitry in Parallax 1280/VIPER for 
processing graphics (RBG) data 
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a video backend pipeline for processing 
video data retrieved from said selected one 
of said areas of said frame buffer; and 


circuitr>' in Parallax 1280A^IPER for 
processing video (YUV) data 


an output selector for selectively passing to 
r^said display device data received from said 
graphics or video backend pipelines. 


circuitry in Parallax 1280A^IPER for 
selecting between graphics/video pipelines 
(overlay generator, or multiplexer) 


CLAIM 1 IS INVALID OVER PARALLAX 


CLAIM 1 


PRIOR ART 


1 . A graphics and video controller 
comprising: 


Parallax 1280/VIPER 


an interface for receiving words of pixel 
data, each said word associated with an 
address buffer; 


circuitry in Parallax 1280A^IPER for 
receiving pixel data 


circuitry for writing each said word of said 
pixel data received by said interface to a 
one of on-screen and off-screen memory 
areas of a frame buffer; 


circuitry in Parallax 1280A^IPER for 
writing pixel data into on-screen and off- 
screen regions of the frame buffer 


circuitry for selectively retrieving said 
words from said on-screen and off-screen 
area; 


circuitry in Parallax 1280A^IPER for 
selectively retrieving pixel data from on- 
screen and off-screen regions of the frame 
buffer 


a first pipeline for processing words of 
graphics data retrieved from said frame 
buffer; 


circuitry in Parallax 1280A^IPER for 
processing graphics (RBG) data 


a second pipeline for processing words of 
video data retrieved from said frame 
buffer. 


circuitry in Parallax 1280A^IPER for 
processing video (YUV) data 
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CLAIM 2 IS INVALID OVER PARALLAX 



CLAIM 2 


PRIOR ART 


2. The controller of claim 1 and further 
comprising output selection circuitry for 
selecting for output between graphics data 
received from said first pipeline and data 
received from said second pipeline, said 
selection circuitry operable to: 


circuitry in r^araiiax izou/virciv lor 
selecting between graphics and video 
pipelines 


in a first mode, pass data from said first 
pipeline; and 


circuitry in Parallax 1280A^IPER for 
passing data irom grapnics pipeline 


in a second mode, pass data from said second 
pipeline when said data corresponds to a 
selected display position of a display window. 


circuitry in Parallax 1280A^IPER for 
passing data from video pipeline when 
in a video region 



O CLAIM 3 IS INVALID OVER PARALLAX 



CLAIM 3 


PRIOR ART 


3. The controller of claim 2 wherein said 
selection circuitry is further operable to: 





SI 

m 

ID 

Is 
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in a third mode, pass data from said second 
pipeline when said data corresponds to said 
selected display position of said display 
window and data from said first pipehne 
match a color key. 



circuitry in Parallax 1280/VIPER for 
passing data from video pipeline when in a 
video region and based on graphics over 
video keying control 

In Parallax 1280A^IPER, overlay of video 
onto graphics with video-based keying was 
accomplished with Access Attribute control 
during a copy or frame grabbing operation. 
This technique differed from the popular 
"color-key blue" which was well known in 
the art, while still solving customer needs 
for keying of video over graphics. 



Parallax's choice to key graphics OVER 
video was a design decision based on 
customer needs. Nothing unique about this 
choice over decision to overlay video onto 
graphics. 
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CLAIM 4 IS INVALID OVER PARALLAX 



CLAIM 4 


PRIOR ART 


4. The controller of claim 3 wherein said 
selection circuitry is further operableJn a 
fourth mode to pass data from said second 
pipeline when data from said first pipeline 
match a color key. 


circuitry in Parallax 1280A/IPER for 
passing data from video pipeline based on 
graphics over video keying control 

In Parallax 1280A^IPER- overlay of video 
onto graphics with video-based keying was 
accomplished with Access Attribute control 
during a copy or frame grabbing operation. 
This technique differed from the popular 
"color-key blue" which was well known in 
the art, while still solving customer needs 
for keying of video over graphics. 

Choice to key graphics OVER video was a 
design decision based on customer needs. 
Nothing unique about this choice over 

i^^oicinn tn rivprlav viHpo onto pranhics 
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CLAIM 5 IS INVALID OVER PARALLAX 



CLAIM 5 


PRIOR ART 


5. The controller of claim I wherein said 
circuitry for retrieving maintains a stream 
of graphics data to said first pipeline and 
nrovides video data to said second Dioeline 
when a display raster scan reaches said 
display position of said window. 


a>circuitry in Parallax I280/VIPER for 
ir. passing graphics data to graphics pipeline 
and for passing video data to video 
pipeline when in a video region 

Position of video region was indicated by 
DAM bit in addition to position on raster 
display scan. 


CLAIM 6 IS INVALID OVER PARALLAX 


CLAIM 6 


PRIOR ART 


6. The controller of claim 1 and further 
comprising: 




a video port for receiving real-time video 
data; and 


circuitry in Parallax 1280A^IPER for 
receiving real-time video 


circuitry for generating an address to said 
memory at which said real-time video data 
is to be stored. 


circuitry in Parallax 1280A^IPER for 
generating addresses for received real-time 
video data 
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CLAIM 7 IS INVALID OVER PARALLAX 



CLAIM 7 


PRIOR ART 


7. The controller of claim 1 wherein said 
second pipeline includes a first first-in- 
first-out memory for receiving data for a 
first display line of pixels in memory and a 
second display line of pixels memory. 


Parallax hardware employed first-in-first- 
out buffering between the display memory 
and the display monitor for the graphics 
format data and the video format data. 

Parallax's implementation required only 
one line of buffering outside the display 
memory. The addition of a second FIFO 
buffer would be a requirement of the 
design implementation, NOT a unique 
invention. 


CLAIM 8 IS INVALID OVER PARALLAX 


CLAIM 8 


PRIOR ART 


8. The controller of claim 7 wherein said 
first display line adjacent in memory to 
said second display line. 


Parallax hardware employed first-in-first- 
out buffering between the display memory 
and the display monitor for the graphics 
format data and the video format data. 

In the event that a given design would 
need more than a single line of buffering, 
it would be obvious that the second line of 
buffering be adjacent to the first (and 
below the first). 



CLAIM 9 IS INVALID OVER PARALLAX 



CLAIM 9 


PRIOR ART 


9. The controller of claim 7 wherein said 
output selection circuitry comprises: 
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an output selector for selecting between 
data from said second pipeline and data 
from said first pipeline in response to a 
selection control signal: 


circuitry in Parallax 1280/VIPER for 
selecting between graphics/video pipelines 
(overlay generator, or multiplexer) 


a register for maintaining a plurality of 
overlay control bits; 


register of plural control bits m Parallax 
1280A^IPER 

There is nothing inventive about the use of 
a register to hold control bits. Parallax 
implemented a register specific to the 
control of the video/graphics MUX. 


window position control circuitry for 
selectively generating a position control 
signal when a word of said data stream 
from said second pipeline falls within a 
display window; 


circuitry in Parallax 1280/VIPER for 
passing data from video pipeline when in a 
video region 

Position of video region was indicated by 
DAM bit in addition to position on raster 
display scan. 


color comparison circuitry for comparing 
words of said data stream from said first 
pipeline with a color key and for providing 
in response a color comparison control 
signal; and 


circuitry in Parallax 1280/VIPER for 
passing data from video pipeline based on 
graphics over video keying control 

In Parallax 1280/VIPER, overlay of video 
onto graphics with video-based keying was 
accomplished with Access Attribute control 
during a copy or firame grabbing operation. 
This technique differed from the popular 
"color-key blue" which was well known in 
the art, while still solving customer needs 
for keying of video over graphics. 

Choice to key graphics OVER video was a 
design decision based on customer needs. 
Nothing unique about this choice over 
decision to overlay video onto graphics. 
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a control selector for selectively providing 
a said selection control signal in response 
to said overlay control bits in said register 
and at least one of said position control 
and color comparison control signals. 


circuitry in Parallax 1280A^IPER for 
passing data from video pipeline when in a 
video region and based on graphics-over- 
video keying control bit. 

This functionality was selectively (provided 
in response to overlay control bits from the 
overlay control register. 

In addition, overlay controls were well 
known in art, and it was well known in art 
to store control bits in a register. 


CLAIM 10 IS INVALID OVER PARALLAX 


CLAIM 10 


PRIOR ART 


10. The controller of claim 9 wherein said 
window position control circuitry 
comprises: 




window Dosition counters ooerable to 
increment from initial count values 
corresponding to a starting pixel of a 
display window as data representing each 
pixel in a display screen is pipelined 
through said overlay control circuitry; 


window position counters in the Parallax 
1280A^IPER for the generation of coherent 
pixel display streams (which is well known 
art in graphics controllers). 

Parallax 1280A^IPER hardware was able to 
maintain a plurality of video display start 
coordinates within a single display, each 
with arbiu^ary X and Y origins. 


screen position counters operable to count 
as data representing each pixel in said 
display screen is pipelined through said 
overlay control circuitry; and 


window position counters in the Parallax 
1280A^IPER for the generation of coherent 
pixel display streams (which is well known 
art in graphics controllers). 

Parallax 1280A^IPER hardware was able to 
maintain a plurality of video display start 
coordinates within a single display, each 
with arbitrary X and Y origins 
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comparison circuitry operable to compare a 
current count in said window position 
counters and a current count in said screen 
position counters and selectively generate 
said position control signal in response. 



circuitry in Parallax 1280/VIPER for 
loading counters with difference, and 
comparing result to zero 

This form of compare circuit is well 
known in the art. 



CLAIM 12 IS INVALID OVER PARALLAX 



CLAIM 12 


PRIOR ART 


12. The controller of claim 1 wherein said 
interface includes a dual-apenure port. 


circuitry in Parallax 1280A/^IPER for 
receiving graphics and video data through 
multi-aperture port 



CLAIM 13 IS INVALID OVER PARALLAX 



w 

f 



13. A controller comprising: 




circuitry for writing selectively each word 
of received data into [a] selected one of 
on-screen and off-screen memory spaces of 
a frame buffer: 


circuitry in Parallax 1280A^IPER 
qualifying each write to on-screen and off- 
screen areas of display memory through 
the Access Attribute Control 


a first port for receiving video and graphics 
data, a word of said data received with an 
address of said memory spaces directing 
said word to be processed as a word of 
video data or a word of graphics data; 


circuitry in Parallax 1280/VIPER for 
receiving graphics and video data and 
directing that it be stored and displayed as 
video or graphics 


a second port for receiving real-time video 
data: 


circuitry in Parallax 1280A^IPER for 
receiving real-time video data 


circuitry for generating an address 
associated with a selected one of said 
memory spaces for a work of said real- 
time video data; 


circuitry in Parallax 1280A^IPER for 
generating addresses for received real-time 
video data 



V 
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circuitry for selectively retrieving said 
words of dam from said on-screen and off- 
screen memory spaces as data is rastered 
for driving a display; 


circuitry in Parallax 1280/VIPER for 
selectively retrievmg graphics (RGB) and 
video (YUV) data, from either on-screen 
or off-screen regions of the frame buffer 


a graphics backend pipeline for processing 
ones of said words of data representing 
graphics data retrieved from said frame 
buffer; 


circuitry in Parallax 1280A^IPER for 
processing graphics (RBG) data 


a video backend pipeline for processing 
other ones of said words of data 
representing video data retrieved from said 
frame buffer, said circuitry for retrieving 
always rastering a stream of data from said 
frame buffer to said graphics backend 
pipeline and rastering video data to said 
video backend pipeline when a display 
raster scan reaches a display position of a 
window; and 


circuitry in Parallax 1280/VIPER for 
processing video (YUV) data, for passing 
graphics data to graphics pipeline, and for 
passing data to video pipeline when in a 
video region. 

Position of video region was indicated by 
DAM bit in addition to position on raster 
display scan. 


output selector circuitry for selecting for 
output between works of data output form 
said graphics backend pipeline and words 
of data output from said video backend 
pipehne. 


circuitry in Parallax 1280A^IPER for 
selecting between graphics/video pipelines 
(overlay generator, or multiplexer) 


CLAIM 14 IS INVALID OVER PARALLAX 


CLAIM 14 


PRIOR ART 


14. The controller of claim 13 wherein 
said output selector is further operable to 
select between graphics data output from a 
color look-up table and true color data 
output from said graphics pipeline. 


circuitry in Parallax 1280A^IPER for 
processing graphics data as either 24-bit 
true color or 8-bit color look-up table data 
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CLAIM 15 IS INVALID OVER PARALLAX 



CI A T\yf 1 ^ 
LLAlM 1j 


PRIOR ART 


15. The controller of claim 13 wherein 
said output selector is operable to: 




in a first mode pass only a word of data 
output from said graphics pipeline; 


circuitry in Parallax 1280A^IPER for 
passing data from graphics pipeline 


in a second mode pass a word of data 
output from said video pipeline when said 
display raster scan has reached a display 
position corresponding to a window and a 
word of data from said graphics pipeline 
when said display raster scan is in any 
other display position; 


circuitry in Parallax 1280A^IPER for 
passing data from video pipeline when in a 
video region and from graphics pipeline 
elsewhere 


in a third mode pass a word of data output 
from said video pipeline when said display 
raster scan has reached a display position 
corresponding to a window and a 
corresponding word of data from said 
graphics pipeline matches a color key and a 
word of data from said graphics pipeline 
when said display raster scan is in any 
other display position; and 


circuitry in Parallax 1280A^IPER for 
passing data from video pipeline when in a 
video region and based on graphics over 
video keying control and from graphics 
pipeline elsewhere 

In Parallax 1280A^IPER, overlay of video 
onto graphics with video-based keying was 
accomplished with Access Attribute control 
during a copy or frame grabbing operation. 
This technique differed from the popular 
''color-key blue" which was well known in 
the art, while still solving customer needs 
for keying of video over graphics. 

Choice to key graphics OVER video was a 
design decision based on customer needs. 
Nothing unique about this choice over 
decision to overlay video onto graphics. 
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in a fourth mode pass a word of data from 
said video pipeline when said 
corresponding word of data from said 
graphics pipeline matches a color key and a 
word of data from said graphics pipeline 
when said display raster scan is in any 
other display position. 


circuitry in Parallax 1280A^IPER for 
passing data from video based on graphics 
over video keying control and from 
graphics pipeline elsewhere 

In Parallax 1280A^IPER, overlay of video 
onto graphics with video-based keying was 
accomplished with Access Attribute control 
during a copy or frame grabbing operation. 
This technique differed from the popular 
''color-key blue" which was well known in 
the art, while still solving customer needs 
for keying of video over graphics. 

Choice to key graphics OVER video was a 
design decision based on customer needs. 
Nothing unique about this choice over 
decision to overlay video onto graphics. 


CLAIM 16 IS INVALID OVER PARALLAX 


CLAIM 16 


PRIOR ART 


16. The controller of claim 13 wherein 
said video pipeline includes a first first-in- 
first-out memory for receiving a plurality 
of words of data for a first display line of 
pixels in memory and a second first-in- 
first-out memory or receiving a plurality of 
words of data from a second display line of 
pixels in memory. 


Parallax 1280/VlPtK hardware employed 
first-in-first-out buffering between the 
display memory and the display monitor 
for the graphics format data and the video 
format data. 

Parallax's implementation required only 
one line of buffering outside the display 
memory. The addition of a second FIFO 
buffer would be a requirement of the 
design implementation, NOT a unique 
invention. 
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CLAIM 17 IS INVALID OVER PARALLAX 



CLAIM 17 


PRIOR ART 


.-17. The controller of claim 16 wherein 
said first display line is stored adjacent in 
memory to said second display line. 


Parallax 1280/VIPER hardware employed 
first-in-first-out buffering between the 
display memory and the display monitor 
for the graphics format data and the video 
format data. 

In the event that a given design would 
need more than a single line of buffering, 
it would be obvious that the second line of 
buffering be adjacent to the first (and 
below the first). 


CLAIM 18 IS INVALID OVER PARALLAX 


CLAIM 18 


PRIOR ART 


18. The controller of claim 13 wherein 
said output selector circuitry comprises: 




a control selector having a plurality of 
control inputs coupled to a register said 
register storing a plurality of overlay 
control bits: 


circuitry in Parallax 1280A^IPER for 
passing data from video pipeline when in a 
video region and based on graphics-over- 
video keying control bit. 

This functionality was selectively provided 
in response to overlay control bits from the 
overlay control register. 

In addition, overlay controls were well 
known in art, and it was well known in art 
to store control bits in a register. 
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window position control circuitry coupled 
to a first control input of said control 
selector,. said window position control 
circuitry operable to selectively provide a 
first cohtfol signal to said first control 
input when a word of data being pipelined 
through said video pipeline falls within a 
display window; 


circuitry in Parallax l2iiU/VlPER for 
passing data from video pipeline when in a 
video region 

Position of video region was indicated by 
DAM bit in addition to position on raster 
display scan. 


color comparison circuitry operable to 
compare a word of data being pipelined 
through said graphics pipeline with a color 
key and provide in response a second 
control signal to a second control input of 
said control selector; and 


circuitry in Parallax 1280A^IPER for 
passing data from video pipeline based on 
graphics over video keying control 

In Parallax 1280/VIPER, overlay of video 
onto graphics with video-based keying was 
accomplished with Access Attribute control 
during a copy or frame grabbing operation. 
This technique differed from the popular 
"color-key blue" which was well known in 
the art, while still solving customer needs 
for keying of video over graphics. 

Choice to key graphics OVER video was a 
design decision based on customer needs. 
Nothing unique about this choice over 
decision to overlay video onto graphics. 


wherein said control selector is operable to 
provide an output selection control signal 
in response to at least one of said first and 
second control signals and said overlay 
control bits being stored in said register. 


circuitry in Parallax 1280A^IPER for 
selecting between graphics/video pipelines 
(overlay generator, or multiplexer) 

This functionality was selectively provided 
in response to overlay control bits from the 
overlay control register. 

in aciQition^ ovenay conirois were wcu 
known in art, and it was well known in art 
to store control bits in a register. 
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CLAIM 19 IS INVALID OVER PARALLAX 



CLAIM 19 


PRIOR ART 


19. The circuitry of claim 18 wherein said 
output selector circuitry further includes at 
third control input coupled to certain bits 
of said graphics pipeline, said output 
selector further operable to select between 
data on said respective video and graphics 
pipelines in response to said certain bits 
presented to said selector circuitry. 


circuitry in Parallax 1280A^IPER for 
selecting between graphics/video pipelines 
(overlay generator, or multiplexer) 

In the event that a given design would 
need more than two control variables, it 
would be obvious to use a third control 
signal. 


CLAIM 20 IS INVALID OVER PARALLAX 


CLAIM 20 


PRIOR ART 


20. The circuitry of claim 1 8 wherein said 
window position control circuitry 
comprises: 




a window x-position counter operable to 
count from a loaded x-position value in 
response to a video clock, said x-position 
counter reloading in response to display 
horizontal synchronization signal; 


window position counters in the Parallax 
1280A^IPER for the generation of coherent 
pixel display streams (which is well known 
art in graphics controllers). 

Parallax 1280/VIPER hardware was able to 
maintain a plurality of video display start 
coordinates within a single display, each 
with arbitrary X and Y origins. 


a window y-position counter operable to 
count from a loaded y-position value in 
response to said horizontal synchronization 
signal, said y-position counter reloading in 
response to a display vertical 
synchronization signal; 


window position counters in the Parallax 
1280A^IPER for the generation of coherent 
pixel display streams (which is well known 
art in graphics controllers). 

Parallax 1280A^IPER hardware was able to 
maintain a plurality of video display start 
coordinates within a single display, each 
with arbitrary X and Y origins. 
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CRT position circuitry operable maintain 
counts corresponding to a current display 
pixel; and 

i 

i 


window position counters in the Parallax 
1280/VIPER for the generation of coherent 
pixel display streams (which is well known 
art in graphics controllers). 

Parallax 1280A/^IPER hardware was able to 
maintain a plurality of video display start 
coordinates within a single display, each 
with arbitrary X and Y origins. 


comparison circuitry operable to compare 
current counts in said window cotmters 

ii/itK coiH fi!TT*»Tit pniiTitQ Vi^lH in <U)lf] CJIv I 

position circuitry and generate in response 
said first control signal. 


circuitry in Parallax 1280A^IPER for 
loading counters with difference, and 
comparing result to zero 

This form of compare circuit is well 
known in the art. 


CLAIM 21 IS INVALID OVER PARALLAX 


CLAIM 21 


PRIOR ART 


21. The circuitry of claim 20 wherein said 
window position control circuitry further 
comprises an x-position register for holding 
said x-position value for loading into said 
x-position counter and a y-position register 
for holding said y-position value for 
loading into said y-position counter. 


window position counters in the Parallax 
1280A^IPER for the generation of coherent 
pixel display streams (which is well known 
art in graphics controllers). 

Placing registers to store load values for 
coimters is not inventive, and had been 
implemented many times by Parallax's 
hardware design engineers. 

Parallax 1280A^IPER hardware was able to 
maintain a plurality of video display start 
coordinates within a single display, each 
with arbitrary X and Y origins. 



33 



CLAIM 23 IS INVALID OVER PARALLAX 



CLAIM 23 


PRIOR ART 


23. The circuitry of claim 13 wherein said -: 
video pipeline comprises: 




a first-in/first-out memory for receiving a 
first stream of words of data from said 
frame buffer; 


Parallax 1280/VIPER hardware employed 
first-in-first-out buffering between the 
display memory and the display monitor 
for the graphics format data and the video 
format data. 


a second first-in/first-out memory disposed 
in parallel with said first first-in/first-out 
memory for receiving a second stream of 
words of data from said ft-ame buffer; and 


Parallax 1280/VIPER hardware employed 
first-in-first-out buffering between the 
display memory and the display monitor 
for the graphics format data and the video 
format data. 

Parallax's implementation required only 
one line of buffering outside the display 
memory. The addition of a second FIFO 
buffer would be a requirement of the 
design implementation, NOT a unique 
invention. 


interpolation circuitry for selectively 
generating an additional word of data by 
interpolating a word of said first stream 
and a word of second stream data output 
from said first and second nrst-in/nrst-out 
memories. 


Parallax's implementation did not 
interpolate display lines between sampled 
lines. Parallax's implementation used 
direct samples from the line above or the 
line below. However, use oi inierpoiaiion 
filters for spatially expanding a display 
area was well known art as of September 
1993, and can be found in numerous video 
special effect generators (for example 
Abekas 8150). 
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CLAIM 24 IS INVALID OVER PARALLAX 



CLAIM 24 


PRIOR ART 


24. The controller of claim 13 wherein 
said first port comprises a dual-aperture 
port. 


circuitryiinj'Parallax 1280/VIPER for 
receiving graphics and video data through 
multi-aperture port 



I understand that I may be asked to prepare a rebuttal report and/or give rebuttal 
testimony at a hearing on matters not covered in this expert report. Additionally, I understand 
that discovery has not been completed and that I vnll consider additional evidence in 
connection with the issues discussed above. After considering any such additional evidence, I 
may supplement this report as necessary. 
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lUiam G. Mears 
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APPUCATiONS 

m Presentation 

■ Video Edtting 

■ Video Authoiino 

■ Video Teleconlerencing 

■ Interactive Education Systems 

■ Games 

FEATURES 

a £xtensivm $oftw9r0 support MvsUabis — contMCt 
anus Logic Sa/as otfles for compisto dstalls 

■ Supports up to three simuttaneous video data 
streams 

■ Video scaling 

■ Supports tMtH YCbCr and RGB fonnats 

■ Interfaces to COOECs, decoders, encoders 

■ integrated ISA, MCA, and host bus interfaces 

(cont next page) 



Digital Video Processor 



OVERVIEW 

The CL-PX2070 Digital VWeo PfOCGSSor (DVP) 
provides a powerful, cost-effective desktop solu- 
tion for computer graphics and imaging. The DVP 
can be used in presentations, video teleconferenc- 
ing, animation, and video capture for scaling with 
video signal processors dedicated to compressing 
arxj decompressing video data streams. 



(cont next page) 
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FEATURES (cont) 

m Compl«t« frame buffer control 

■ 1/2-8 Mbytes of frame buffer memory 

■ Video atream format conversion 

■ Color space conversion 

■ Supports up to eight simultaneous obfect 
buffers 

■ Programmable, trlple<hannei LUT RAM 

■ Prescaling, zoom, and windowing 

■ Graphic and bitmapped stream support 
m Programmable sync slave or master 

■ When used with the CL*PX2080 MediaOAC^ 
^ Simultaneous video and grspNcs display 

— > Four simultaneous, ovehapping (occluded) display 

windows 
» Zooms from lx to 256x 

1 024 X 768 display at S5 MHz 

C§ERVIEW(cont) 

77^0 VP combines the real-time video scaling tea* 
tu^ of the CL-PX0072 VWG with the frame buffer 
m^ory management* arithmetic and logicai pro- 
c^^ing, a programmable host system bus inter- 
id^, flexible mainstream video datapath, and win- 
dqiwing control for multiple, simultaneous video 
d^ streams. 

Tli 0 VP has four major functional units: 

• JhiU: Host Interface Unit 

• ^BU: Video Bus Unit 

• 3vPU: Video Processing Unit 

• "RFU: Reference Frame Unit 



CL-PX2070 

Digital Video Processor 



HIU: Host Intertace Unit 

Th^e |<IU interfaces the DVP to the host system. It 
translers graphic or video data between the host 
sysi^em and the frame buffer through direct a rress 
to FIFOs In the VPU. and accesses the OVP con- 
trol registers. 

VBU: VMeo Bus Unit 

The VBU manages the flow of video and graphic 
streams between the DVP and up to three inde- 
pendent devices (including the host system). 

The VBU provides two independent, real-time vid- 
eo I/O ports (VI and V2), and contains two sub- 
units ~ the VIU and VSU. 

VI and V2have the following characteristics: 

• Each can be configured as input only, output 
only, or pixel- or field-duplexed I/O; 

• Each provides programmable sync polarity; 

• Either port can use the VSU sync generator; 

• Each supports the foitowing video formats: 

— Input YCbCr 1 6-blt 4:22, 1 2-bit 4:l :1 ; 
RGB 16-bit 8-bft; 

— OuflDuf;YCbCr 16-bit; RGB 16-btt. 8-bit; 

• V2 controls the video stream data flow be- 
tween the OVP and typical CODEC devices. 





ISA8U9 1 MCA Bus 


Local Hardware 


Interface 


DVP interfaces with the host system interface bus. 


DVP interfaces with the pro- 
cessor bus. 


Multiplex 
Support 


DVP signals support the required host system address/data 
impleading, and provide bidirectional buffering of the host 
system data bus. 


N/A 


Address 
Decode 


DVP internally decodes the bus address during system I/O 
cydes. 


The host system provides 
the decoded chip select sig- 
nal for use with register 
select Inptit signals. 
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The VIU (Video Interface Unit) controls the flow of 
internal video streams through the video ports to 
all external devices. It controls: 

• the source and direction of video stream and 
sync control inputs; 

• the field-toggling mode and field 10 signals; 

• the watchdog timer feature. 

Two VIU master control registers provide matching 
fields that specify input and output sync modes. 

77?^ VSU (Video Sync Unit) implements identical, 
independent reference signals for each video port: 

• Vertical sync signals specify the beginning of a 
field or frame. 

• Horizontal sync signals specify the beginning 
of a line. 

• Horizontal/composite blanking signals specify 
the horizontal/composite blanking interval. 

VPU: VMM Processing Unit 

The VPU processes fiekj -oriented video. It can si- 
multaneously process two external, bidirectional 
real-time video streams and a single external, bidi- 
rectional host video or graphic data stream. It also 
provides a data path between the DVP and the 
host system for bidirectional graphic streams 
through the HIU, FIFO D can send to. and FIFO F 
can receive from the HIU directly. 

The VPU has five subunits — the IPUl, IPU2, 
OPU, ALU, and SIU. 

The IPU1 (Input Processor Unit 1) prepares an in- 
put video stream for ALU processing and/or stor- 
age in the frame buffer, then outputs the pr^ared 
stream to the frame buffer data bus. Its video pro- 
cessing features indude: 

• YCbCr and RGB input stream format conver- 
sion, 

• color space conversion, 

• programmable data tagging. 

• three-channel lookup table operations, 
horizontal prescaling, 

• window clipping, 

• horizontal and vertical scaling, and 

• output stream format conversion. 



7779 IPU2 (Input Processor Unit 2) controls pres- 
caling and windowing. 

777e OPU (Output Processing Unit) controls zoom, 
window dipping, and output format functions, 

777e ALU (Arithmetic Logic Unit) performs arith- 
metic, logical, and tagging operations for YCbCr 
streams, and logical and tagging operations only 
for RGB and 8-bit pseudocolor streams. It controls 
stresm format operand source selection, tagging 
operation selection, and arithmetic or logical oper- 
ation for both fiekj times, and can process up to 
three simultaneous video streams input through its 
FIFOs. 

777e SIU (Sequencer Instruction Unit) is a spedal- 
purpose microcontroller that coordinates the flow 
of multiple, simultaneous data streams between 
the IPU1. IPU2, OPU, ALU, and OBU. 

The SIU is field-based when processing interlaced 
video data; that is, it distinguishes between the 
vertical sync pulses for each field and executes 
one of two different instruction sequences, causing 
multiple stream flows to appear concurrent. 

RFU: Refsrsnce Fratna Unit 
The RFU provides simultaneous access to eight 
object buffers and four display windows. It has 
three subunits — the OBU, DWU, and MMU. 

The OBU (Object Buffer Unit) spedfies the size, lo- 
cation, operating mode, X and Y raster directions, 
FIFO assodation, chrominance and luminance 
channel masking, and output decimation for each 
object buffer. It allows each object buffer to be 
locked to either video source, or to be programmed 
to operate independently. Object buffers can also 
be placed anywhere within the linearly-address- 
able frame buffer. 

TTJe DWU (Display Window Unit) allows each dis- 
play window to be any size or location. These dis- 
play windows can overiap when the DVP is used 
with the CL-PX2080 MediaDAC^. 
777e MMU (Memory Management Unit) provides 
the frame buffer control interface for up to 8 mega- 
bytes of DRAM or VRAM. 
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CONVENTIONS 



VlU.DPCf Register names containing lower case variables represent groups of registers with simifar func- 
tions. For example, VlU.DPCf represents bofft registers — VfU^D PCI (Datapath Control. ReW 1) 
and VIU.DPC2 (Datapath Control. Rekl 2). In this data book, the following register variables are 



used: 


a (axis) - X.Y 


b (byte) - L (Low) or H (High) 


c (color space) - Y, U.VoraaB 


d (display window) - 0:3 


f (field) -1:2 


^ 


n (number) • F (Fraction) a i (Integer) 




ill 


0 (object buffer) - 0:7 






P (port) - 1:2 




^^^^ 


s (SIM) - 0:31 




9 X (channel) - YUV 


Abbreviations, acronyms, and mnemonics 




Arithmetic and Logic Unit 




:^ODEC 

m 


COde/DEcode or Compress/decompress 




CPU 


Central Processing Unit 




CRT 


Cathode Ray Tube 




CTAG 


Control TAG multiplexer signal 




ORAM 


Dynamic Random Access Memory 




DWU 


Display Window Unit 




FBD 


Frame Buffer Data 




RFC 


First In, First Out 




ISA 


Industry Standard Architecture 




1/0 


Input/Output 




LSA 


Linear Start Address 




JPEG 


Joint Photographic Expert Group 


ATI019034 


8 ■ 


pneimtNABY oata book 





CL'PX2070 

Digital Video Processor 




Pixel 

Semiconductor 

A Cirrus Logie Company 



1 c o 

LSB 


L9ast oignificant d/ig 


LSo 


Least Significant bit 


LUT 


LooK-up Table 


MCA 


Micro onannei Arcnitecture 


MMU 


Memory Management Unit 


MSB 


Most Significant Byte 


MSb 


Most Significant bit 


OPU 


Output Processor Unit 


OTAQ 


Output TAG multiplexer signal 


IPU1 


Input Processor Unit i 


IPU2 


Input Processor Unit 2 


POS 


Programmable Option Select 


PQFP 


Plastic Quad Rat Pack 


PSE 


PreScaler Enable 


RGB 


Red, Green, Blue 


RAM 


Random Access Memory 


RFU 


Reference Frame Unit 


SIM 


Sequencer Instruction Memory 


SlU 


Sequencer Instruction Unit 


VPU 


Video Processor Unit 


VRAM 


Video dynamic Random Access Memory 


YCbCr 


Components of ttie CCIR601 color representation standard. 




Y « luminance; CbCr m chrominance Y-Wue, chrominance Y-red 


TRADEMARKS 


MediaDAC^ 


is a trademark of Pixel Semiconductor. Inc. 
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1. PiN INFORMATION 

The CL-PX2070 DVP Is available in a 16(Wead Plastic Quad Rat Pack (PQFP) surface-mount nckaae. 
It can be configured for ISA, MCA, and local hardware configurations, as shown in Rgure 1-1 
NOTE: (•) denotes active-low signals. 

1.1 Pin Diagram 



VtV5 i 
VICU - 
V»1« < 
V2014 4 

vaoia i 
vaoi2 i 
vaoii i 

V3O10 i 

vao* i 
vaM 4 
va07 i 
vaM 1 
V3a- 

V3M i 

V3D3 < 
VSS- 

VOO • 
V2Ctt < 

vaol i 

VOQ^ 
V200 4 
V3Sir i 



AUXCS* -* 

NC 
MC 

oir 

CHROV »- 



vavt 4H 

VXLX -4 
STAOWQ* -I 



CAAO€N ' 
Sf - 
SOT ' 
■jC OS ETUP* -t 

coosir 4 

COCHWOY < 



NC- 
NC- 



T 



Si(il§889§§is§9§§iili88li§3§S2SS8Sg8Siiii 

>»>>>>>>>>>> >>>>>>>>>>>>wwS.ik(fc<^4fetktfc>>«feifeCS(k 

HtTTiinTnnnnniiTnnnntyi inn; 
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CL-PX2070 
Digital Video 
Processor 

160-Pin PQFP 



Local Mrriwm. 
Inttftae* Only 



MCA IniMtte* Only ' 



TTmrr 



ISA intartae* Only ■ 




!I!I!!f!HItttfll llflttftifiil Uiiii 

mTTTTTTTTnrn 



tinittnntti 

iiiiifiiliiiiil 



1 

tig 

iir 
it« 

114 
114 
113 

ita 
lit 
tto 

iat|H» 
toi 

107 

lOf i^fKM 
104 

loa h4mai 

101 H»FS090 
100 1— VOO 



t9 — vsa 

«3 F«A4 

«o -»nAa 

M FiAl 

m 

M ^ AAttsr 

M CAdll* 

•4 -»CAar 

•3 -* WP 

tt ow 
•1 i>mr 



Rgura 1-1. DVP Ptn Diagram 
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1.2 DVP Functional Signal Groups 




Pixel 

Semiconductor 

A Cirrus Lo^ Ccmpgny 



HOST INTERFACE 

ISA 

SA0(15:0] 
DEN' 

ooin 

ICR* 
lOW 
AEN 
IRQ 
CHROY 

RESET 
AUXCS* 

MCA 

A0{15.0] 
DEN* 
001 R 

sr 
so* 

M/KD- 
CDSFOBK' 
COSETUP* 
IRQ 
COCHRDY 
C00S16* 
CMO* 
CORESET 
ADL* 
GARDEN 

LOCAL 

D{15;0] 
RSI 
lOR* 

low 

OS* 
IRQ 
CHRDY* 
PCLK 
RESET 
RS2 
RS3 



CL-PX2070 
Digital Video 
Processor 

160-Pin PQFP 



GRAPHICS OVERLAY INTERFACE 
GPCLK 
k- GVS 
GHS 
GBL 
ZC(3:01 

VIOEO INTERFACE 

M V1D(15:0] 
V2D(15.01 
VI VS 
V2VS 
VI HS 
V2HS 
VI 8L 
V29L 
V1CLK 
V2CLK 
VI PH 
V2PH 
V1IEN* 
V2IEN* 
STALLRQ* 
STALL* 

FRAME BUFFER INTERFACE 

FBD(31:01 
FBA(9:0] 
RAS(1;0r 
CAS(1:0r 
WE* 
DTE* 
FROY 
S8CLK 
SOgi:0r 
MCLK 
FOLK 

POWER AND GROUND 

h- VDO 
VSS 



1.3 Pin Assignment Table 
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The following conventions are used in the pin assignment table: 

(*) - active-low signal 

I - input 

O - output 

PWR - power 

TTL - trie pad has standard TTL input threshold and output levels 

00 - open drain, TTL inputs 

4 - 4-niA sink and 2-mA source drive capability 

24 - 24-mA sink and 8-niA source drive capability 



NAME 






PIN 


TYPE 


CELL 


FUNCTION 


HOST INTERFACE 












ISA 


MCA 


LOCAL 






















Addres^uata ous 


SAD[15:0] 


A0(1 5:0) 


— 


48:62, 65 


UO 


TTL, 4 


— 




D( 15:01 


48:62. 65 


I/O 


TTL, 4 


Data Bus 


Control 












uaia oUiier cnooie 




DEN 


Ml* 


44 


OD 


TTU 8 


■ 


RS1 


44 


1 


TTL 


HeQister oeieci 




OOIR 




43 


00 


TTU 8 


uata oUTTer uireciion 






NC 


43 


NfA 


N/A 


NO OOnnecl \niuSl OS icu uodung; 






lOR* 


35 


* 


TTL 


uo Read 




51 


mmtm 


35 




TTL 


otatus 1 






iOW* 


36 


j 


TTL 


i/u wnie 




SO* 




36 




TTL 


oiaius u 






32 


{ 


TTL 


Aooress cnaote 




MAO' 








TTl 


MAmnrv or I/O Cvcld 






OS* 


32 




m. 


Chip Select 






NC 


38 


N/A 


N/A 


No Connect (must be left floating) 




CDSFDBK* 




38 


0 


TTL.4 


Card Select Feedback 






NC 


37 


N/A 


N/A 


No Connect (must be left floating) 




COSETUP* 




37 


1 


TTL 


Card Setup 


m 


IRQ 


IRQ 


45 


0 


TTL.4 


Interrupt Request 


@BRDY 


CDCHRDY 


CHROY* 


40 


00 


TO, 24 


Channel Ready 


l6'l6* 






39 


00 


TTU 24 


16-bit I/O Cycle 




CD0S16* 




39 


00 


TTU 24 


Card Data Size 








39 


N/A 


N/A 


No Connect (must be left floating) 


NC 






41 


N/A 


N/A 


No Connect (must be left floating) 




CMD* 




41 




TTL 


Command 






PCLK 


41 




TTL 


Processor Clock 


RESET 


CORESET 


RESET 


42 




TTL 


Reset 


NC 






33 


N/A 


N/A 


No Connect (must be left floating) 




ADL* 




33 




TTL 


Address Latch 






RS2 


33 




TTL 


Register Select 


AUXCS* 






34 




TTL 


Auxiliary Chip Select 




CAROEN 




34 




TTU 


Card Enable 






RS3 


34 




TTL 


Register Select 



12 
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NAME 



PIN 



TYPE CELL FUNCTION 



E. 



fji 



GRAPHICS OVERLAY INTERFACE 

GPCLK 69 
GVS 67 
GHS 66 
GBL 68 
ZC{3:01 80:77 

VIDEO INTERFACE 
Dmim 



TTL Graphics Pixel Clock 

TTL Graphics Vertical Sync 

TTL Graphics Horizontal Sync 

TTL Graphics Blanking 

TTU 4 Zoom Control Bus 



V1D(15:0] 


137:138. 141:153. 156 


I/O 


TTU 4 


VI (Video Port i) Data Bus 


V2D(15:0] 


3:12. 14:16. 19:20.22 


l/vJ 


TTl A 


yjo A/iHort Pnrt 9) Data Su^ 


Control 










V1VS 


1 


I/O 


TT1_ 4 


VI Vertical Svnc 


V2VS 


27 


I/O 
l/U 


TTl A 


VP VArttcat Svnc 


VI HS 


160 


I/O 


TTl A 


Vl HAri7nnf3i Svnc 


V2HS 


26 


I/O 
i/w 


TTl A 


VS Hori2ontal Svnc 


V18L 


159 


I/O 
l/VJ 


TTl A 
III-,** 


\/l Horiront^ComDosite Blank) no 


V2BL 


25 


I/O 


TTL 4 


V2 Horizontal/Comoosite Blankino 


V1CLK 


2 


1 


TTL 


VI Data Clock 


V2CLK 


29 


1 


TTL 


V2 Data Clock 


V1PH 


158 


1 


TTL 


V1 Phase 


V2PH 


24 


1 


TTL 


V2 Phase 


V1IEN* 


157 


0 


TTU4 


VI Input Enable 


V2IEN* 


23 


0 


TTL.4 


V2 Input Enadle 


STALLRQ* 


31 


1 


TTL 


Stall Request 


STALL* 


30 


0 


TTL.4 


Stall 


FRAME BUFFER INTERFACE 








AddnsM/Dmta 










FB 0(3 1:0) 


99. 101:102, 105:107. 


I/O 


TTL,4 


Frame Buffer Data Bus 




109:125, 128:136 








FBA(9:0] 


98:94. 92:88 


0 


rn,8 


Frame Buffer Address Bus 


Control 










RAS(1:0r 


87:86 


0 


rrL.8 


Row Address Strobes 


CAS(1 :01* 


85:84 


0 


Tn,8 


Column Address Strobes 


WE* 


83 


0 


TTL, 12 


Write Enable 


DTE* 


82 


0 


TTL, 12 


Data Transfer Enable 


FROY 


61 


1 


TTL 


RFO Ready 


S8CLK 


78 


0 


TTU8 


Serial Bus Clock 


S0E(1 :0I* 


73:72 


0 


TTU8 


Serial Port Output Enable 


MCLK 


71 


1 


TTL 


Memory Clock 


FOLK 


70 


0 


TTU8 


RFO Write Clock 



POWER AND GROUND 

VDO 18.21.46.64.75.100. PWR 

103. 126. 140. 155 

VSS 13.17.28.47.63.74. PWR 

93. 104. 108. 127. 139. 
154 



N/A +5 VOC for Digital Logic and Interface Buffers 

WA Ground for Digital Logic and Interface Buffers 
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2. DETAILED SIGNAL DESCRIPTIONS 



2.1 Host Interface — ISA 



Signal 


Pin 


Type 


Ceil 


Function 


SA0{15:0] 


48:62. 
65 


vo 


■ni.4 


Addr«««/Oata But. Bidirectional, multiplexed address/data bus 
that transfers video data and operation status and commands 
between the host system and the OVP. 


DEN* 


44 


00 


TTL,8 


Data Buffer Enable. 

0 Enables the host data bus buffer. 


OOIR 


43 


00 


TTL.8 


Data Buffer Direction. Specifies the direction of data flow on 
SAD(15:0]. 

0 The host system is reading data from SAOfi 5:01: 

1 Tne nost system ts wnting oata to oAuii o.u]. 




35 


1 


TTL 


I/O RMd« 

0 Specifies an I/O read cycle. 




36 


1 


m 


I/O Write. 

0 Specifies an UO write cycle. 




32 


1 


TTL 


AddreM Enable, 

0 I/O cycle in progress. 

1 DMA cycle in progress. 


;=iic 


38 


WA 


N/A 


No Connect, (must be left floating). 




37 


WA 


N/A 


No Connect (must tie left floating). 


Ift^ 


45 


0 


TTU4 


Interrupt Request. 

1 The DVP is requesting service from the host system. 




40 


00 


TTL, 24 


Channel Reedy. 

0 The OVP fs not ready to complete the current host access 
cyde. 

1 The current host access cycle is complete. 


1016* 


39 


00 


TTL. 24 


16«n I/O Cycle. 

0 The OVP is able to respond as a l I/O data device for 
both read and write cycles. 


NC 


41 


N/A 


N/A 


No Connect, (must be left floating). 


RESET 


42 


1 


TTL 


Reset 

1 Stops all DVP activity and resets the hardware. 


NC 


33 


N/A 


N/A 


No Connect (must be left floating). 


AUXCS* 


34 




TTL 


Auxiliary Chip Select. When programmed for aux ISA mode, pri- 
mary and secondary addresses are ignored; AUXC^* and SAD[3:ll 
select specific registers. 
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2.2 Host Interface — MCA 
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Signal 



Pin 



Type Cell Function 



AD(15:0] 


48:62. 
65 


I/O 


TTL 4 


Addr^ss/Oata Bus. Bidirectional, multiplexed address/data bus 
that transfers video data and operation status and commands 
between the host system and the OVP. 


DEN* 


44 


OD 


TTU8 


Data Buffar Enable. 

0 Enables the host data bus buffer. 


OOIR 


43 


00 


TTL.8 


Data Buffer Direction. Specifies the direction of data flow on 
SA0(15:0]. 

0 The host system is reading data from SAD(1 5:0]; 

1 TTie host system Is writing data to SAD{1 5.-01. 


sr 


35 


1 


TTL 


Status 1. Speafies current bus cycle (used with M/10* and SO*). 


so* 


36 


1 


TTL 


Status 0. Specifies current bus cycle (used with M/10* and Sr). 


M/IO* 


32 


1 


TTL 


Memory or I/O Cycle. Specifies cun-ent bus cycle cuaent bus cycle 
(used with SO* and SI*): 

IMC* SO* sr 



0 
0 
0 
0 

1 
1 
1 
1 



0 
0 

1 
1 

0 
0 
1 
1 



0 

1 

0 

1 

0 

1 

0 

1 



Reserved 
I/O Write 
I/O Read 
Ir^ive 
Reserved 
Memory Write 
Memory Read 
Inactive 



CDSFDBK* 


38 


0 


rrL.4 


Card Select Feedback. 

0 Speofies that the DVP has decoded the current address 
and status inputs. The OVP does not drive CDSFDBK* low 
during the configuration period (CDSETUP* - 0). 


CDSETUP* 


37 


1 


TTL 


Card Setup. 

0 Spisctfies that the host system is accessing the configura- 
tion registers of the MCA adapter. 
To obtain adapter ID and configuration data (containing POS pro- 
grammatsle Option Select] 100, 101. and 102). perfonn an I/O read 
cycle to the DVP. 


IRQ 


45 


0 


TTL.4 


Interrupt Request. 

0 The DVP is requesting sennce from the host system. 


CDCHRDY 


40 


OD 


TTL, 24 


Chennei Ready. 

1 The DVP is ready to complete the current host access 
cycle. 


CODS 16* 


39 


OD 


TTL, 24 


Card Data Size. ^ . , 

0 The DVP is able to respond as a 1 6-bit I/O data device for 



both read and write cycles. 
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2.2 Host Interface — MCA (cont.) 



signal 
CMO* 



Pin 

41 



T ype Cell Function 
I TTL 



r"""?!^ data IS on A0(l5i)l (write qfde): or 

OVP snouM ptace valid data on AOjlsai (read cycie). 



CDRESET 42 
ADL* 33 

GARDEN 



TTL 
TTL 

"ttl 



R«Mt. 



Stops an DVP activity and resets the hardware. 



must be valid during the low-to^igh transition. 
^ ^'^yj.., H,.t tha on t>us AD(15:81 is valid. 



2I Host interface - Local Hardware 

'^5 



Pin 



Type Cell Function 



48:6Z I/O 
65 

34:33. I 



43 

Is 



36 



32 



38 

17 



N/A 



IRQ 
CHROY* 

NC 



45 
40 

39 



O 

"00 
N/A 



TTL. 4 01. Bu.. Bidirectional data t«« that transfers video data between 

the host syste m and the DVP- 

_ 1,^,,,,, select specify the register address dunng a host acc«s^ 

No Connect, (m ust be left floating). 

I/O Read. ^ ^ . 

0 specifies a n I/O read cycle. 

TTL l/OWrtte. 

0 Spe cifies an VP v*nte cycle. 

^ V*^ ^{^host system is accessing the OVP. 
N^A No Connect, (must be left floating). 
N/A No Co nnect, (must be left floating). 

rr U4 y«""P;,?ayp't,eouesting sendee from ^ 

TTL,24 J»«""-^*^Jp^,eadytocompletethecurrenthostaccess 
cycle. 



N/A No Connect (must be left floating). 
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2.3 Host Interface — Local Hardware (com) 
Signal Pin Type Cell Function 



PCLK 


41 1 


TTL 


Processor Clock. Input clock that synchronizes the flow of data on 
bus 0[15:0] during DMA data transfers. 


RESET 


42 1 


TTL 


1 Stops all OVP activity and resets the hardware. 



2A Graphics Overlay Interface 

Signal Pin Type Cell Function 



GPCLK 69 I TTL Graphics Pixel Clock. Clocks display output pixel data from the 

graphics controller. 

GVS 67 I TTL Graphics Vertical Sync. Identifies the start of the vertical sync 

interval. A vertical sync pulse is generated once every fiekJ time for 
interlaced data, and once every frame time for non-interlaced data. 
Register OWU.MCR. bit GVSP speafles GVS as active high or 
active low. 



GHS 


66 1 


TTL 


Graphics Horizontal Sync. Identifies the start of the hohzontai 
sync interval. A hohzontai sync pulse is generated once for each 
input line. Register DWU^MCR, bit GHSP specifies GHS as active 
high or active low. 


GBL 


68 1 


TTL 


Graphics Blanking. Identifies the blanking interval. Register 
DWU_MCR. bit GBP speafies GBL as active high or active low. 


ZC{3:01 


80:77 0 


TrU4 


Zoom Control Bus (used only with CL-PX2080 MediaOAC^. 
Speafies to the MediaDAC^ the zoom factor to be used on the 
current data. 



Pixel 

Semiconductor 

A Citrus LogK Company 



2.5 Video interlace 



CL'PX2070 

Digital Video Processor 



Signal 


Pin 


Typo 


Cell 


Function 




VI 0(15:0] 


156. 

153:141. 
138:137 


I/O 


TTL.4 


VI (VMM Port 1) 
Data Bua. 


VnD(15:0l Bidirectional data bus that 
transfers video data Ijetween i^a DVP 
and an external device ttirougn video 
poftVn, 


V20(15;01 


3:12. 
14:16, 
19:20. 
22 


I/O 


TTL,4 


V2 (VMao Port 2) 
Data But. 


V1VS 


1 


I/O 


TTU4 


VI Vertical Sync 


VnVS. Identifies the start of the vertical 
s/nc interval. A vertical sync pulse is 
generated once every field time for inter* 
taced data, and once every frame time 
for non-interlaced data. Register 
VIU.MCRp (t5its OVSP/IVSP) specifies 
VnVS as active high or active tow. 


V2VS 


27 


I/O 


m.4 


V2V«rtiealSync 




160 


I/O 


m.4 


VI Horizontal Sync 


VnHS. Identifies the start of the horizon- 
tal sync interval; register VIU.MCRp 
(bte OHSP/IHSP) specifies VnHS as 
active high or active k3w. 




26 


I/O 


TTL,4 


V2 Horiaental Sync 


"r-*-i. 


159 


I/O 


TTL,4 


VI Horizontal/Com* 
pMtt« Blanking. 


VnOL» lOenilTlOS ino wiAniuiiy iiuaiveu* 

retf ster VIU.MCRp (bits 0BP/18P) 
specifies VnBL as active high or active 
low. 


V2BL 



25 


I/O 


TTL.4 


V2 HorizonUI/Com- 
posita Blanking. 




2 


1 


TTL 


VI Data Clock. 


VnCLK. Clocks bidirectional video data 
onbusVnOI15:0]. 




29 


1 


TTL 


V2 Data Clock. 




158 


1 


ril,4 


VI Phaaa. 


VnPH. Controls data qualification and 
duplexing of video data on VnD[15.*0]. 


V2PH 


24 


1 


TTL 


V2Phaaa. 


VHEN" 


157 


0 


TTL4 


VI Input Enabia. 


VnlEN*. Specifies that the DVP is not 
driving bus VnDl15;0). VnlEN* can be 
used as a tristate control by an external 
buffer connected to bus VnD[15:01. 


V2IEN* 


23 


0 


TTL.4 


V2 Input Enabia. 



STALLRQ* 31 I TTL Stall Request. 

0 Requests that the current transfer of video data on bus 
V2O(l5:01 be suspended. 

STALL- 30 0 TTU.4 Stall 

0 The DVP has suspended transfening data on V2D[i5:o|. 
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2.6 Frame Buffer interface 



Signal 


Pin 


Type 


Ceil 


Function 


FBD(31:0) 


136:128. 
125:109. 
107:105. 
102:101. 
99 


I/O 


TTL4 


Frame Buffer Data Bus. Bidirectional data bus that transfers data 
between tne OVP and the frame buffer. 


FBA(9:0] 


98:94. 
92:88 


0 


TTU8 


Frame Buffer Address Bus. Multiplexed output bus that speoiies 
an address to the frame buffer. The row address is valid during the 
HIGH-to-LOW transition of signals RAS[i :01'; the column address 
is valid dunng the high-to-low transition of CAS(1 :0)'. 


RASfi or 


87:86 


0 


TTL.8 


Row Address Strobes. Instruct the frame buffer to latch the row 
address from bus FBA(9:0] during the HIGH-to-LOW transition. 


CAsn or 

i--^ . ; 


85:84 


0 


TTU 8 


Coiuinn Address Strobes. Instaict the frame buffer to latch the 
column address from bus FBA(9:01 during the HIGH-to-LOW transi- 
tion. 


3J WE* 


83 


0 


TTU 12 


Write Enable. Specifies a write cycle to the frame buffer. 


DTE' 


82 


0 


m, 12 


Data Transfer Enable. Specifies a transfer cycle to the frame 
buffer (VRAMs only). 


i=C FRDY 


81 


1 


TTT. 


RFO Heady, (used only with CL-PX2080 MediaOAC^ Specifies 
that tne input RFO of the MediaDAG^ is ready to receive serial 
data from the frame buffer. 


ij^ffl S8CLK 


76 


0 


7TU8 


Serial Bus Clock. Clocks serial data from the frame buffer (VRAMs 
only). 


|~ W S0E[1 :0J* 


73:72 


0 


TTL.8 


Serial Port Output Enable. 

0 Enable the frame-buffer serial data port output 


MCLK 


71 


1 


m 


Memory Clock. Synchronizes all frame buffer control signals. 



FOLK 



70 



TTL. 8 FIFO Write Clock, (used only with CL-PX2080 MediaDAC"^ 
Clocks serial data into the MediaDAC^. 



2.7 Power and Ground 

Signal Pin 



Type Function 



VDD 



18.21.46.64.75. PWR 
100. 103. 126. 
140. 155 



♦5 VOC for OigiUI Logic and Interface Buffers. Each VDD pin 
must be connected directly to the VDD plane. 



vss 
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13.17.28.47.63. PWR 
74, 93. 104, 108. 
127. 139. 154 



Ground for Digital Logic and Interface Buffers. Each VSS pin 
must be connected directly to the ground plane. 
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3. FUNCTIONAL DESCRIPTION 



ymso 



m 



VBU ^ ^ UnHMiMim two 1 6-bit 
vta»o ports (VI and V2)rctcanopMtt 
M lfputs« outputt, or in duplex modo. V2 
oontrels vidM data now bocwMn t)« 
CL-PXaOTO «id typioi COOK dovioas 
using tigids STALL* and STALLAQT. A 
waicftdog timar daMs toaa of tync or 
can tyntftaatza a aync ouput 



VIU ^ ^W»o #TiirtSaoa an* oontreia 
M data patha b««Man imtmal 
vtdao tvaama and tia vidao 
portt. tt spacrtiaa «)• aouroa and 
dractton ot vidao ttraam and 
syne oonffol tnputt. M lald-tog- 
moda wtd Aald 10 signaia. 
wd tha watchdog Imar faaftira. 



1^ 



1^ 



vsu 

Tha VWao Sync OWrimpiamama Want- 
cal. indapandani aync aignala tor aacft 
vidao port Signaia VnVS apMly tia ba- 
gnnffig of a ftald or Irama. VhHS spacify 
tia bagnning of a Ina. and Vh6L apaofy 
fta horizontaVoofnpoatta blanking iniir- 
v^. Maaaar oonMl ragiaaais V1U.MCA1 
and VIU.MCna spacrty Inputand ou^ 
sync modaa. PUaa wMtia, parioda and 
btarMng dalcya, aignal poM^, and dV 
racdon ara pregrammatola. 



HIU ThaHbar*rMrtBBaaOMIn»f(aoaai9tSA 
and MCA systama. or can ba tntarfaoad d»- 
racdytoaiocalprocaaaorbua. ThaHlUhaa 
ftva diraaiy*addraaaab«a control and conf g- 
uratton ragstara. including indax^Odraaa 
and data ragntara for acoaaaing intsmal 
ragstara. Tha HIU haa diract aocaaa to 
FIFO 0 tor vidao datt ou toul ind to FIFO F 
for vidao data input 



r: ■2r ~' 



iPUl 

Tha hP</f Procmtof Unit 1 partorma 
tomiac oonvaraion. color apaoa oonvar- 
sion, input data tagging tor chroma kay 
oparalona, color LUT. X pfvacaling. 
wmdow dipping, and oondnuoua XY 
acUng. 



IPU2 

Tha input Pfoc^mof Unit 2ptoyn6»% 
X praacaling and window clipping. 
RFO F can racawa data diracfly 
from ffia HIU. 



OPU 

Tha Cuput ProMMing Unit oorv 
varm tha saaam dati wnttan to 
RFO 0 tiom tta trama buflar tor- 
mat lo an outout straam tomiat 
and provldaa 1x-2x ooruinuoua 
zoom capabiHty. 



ALU 

Tha Mihfmnc Logic Unitpmfctms op- 
arwd salaoian. data tsg^ng. logtoal 
and «itima«c oparadona, and output 
aalacdoa It oparaiaa on a pM togica»- 
ly or anttmaitoalfy. or raplaoaa it or 
onaofttsoomponantvaluaa with a 
conatant It can dacoda and/or anooda 
pMataga. 

Tha ALU procaaaaa two simuttanacua 
kiput v*dao atraama tfimugh FIFOa A 
and B. and maak or miidng contiola 
ttiou^ FIFO C. Piooaaaad atraama 
outotA tiiou^ RFO E. 

Tha ALU aooapti and partonna toglcai 
and togging oparatonaon mggad and 
ncn-taggad YCbCr, taggad and non- 
toggad ROB, and 8^t psaudocotor in- 
put atraama. In addtton. it partorma 
arittma«c oparatona on taggad and 
ncn-taggad YCbCr. 
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VPU 

Th« VidM Processing Unttpro* 
vtast field - or fmm#-on«rntod vid- 
eo proceswng. It can timuKa- 
neousiy praces* tvra extsmal. 
bfdrocQonal real-time video 
streams and a sjngle external, bn 
directionai host video or grapfitc 
dati stream. 



stu 

The Seguerroe/' Instnjcticn 
Untt^ a speoal -purpose mi* 
crooontrof er rtat moves pix- 
el data OeNveen f>e hard- 
ware resources under 
convol of instrucson se- 
quences stored in (he SIM. 

The SlU resembles a short 
software loop made of con- 
dfflonari nstrucQons. Each 
instaictnn causes dats lo 
move between rie compo- 
nents, and speafies: the 
source of the video informa- 
tion, condrfions for execu- 
tton, dessnaoon. and tie lo- 
catnn of the next 
Instiuctnn. Possible sourc- 
es and destinations are ob- 
ject buffers and FIFOs A-a 

The SlU exeoutaaSIM In- 
structnns.much tasiar than 
the stream mtes of typical 
video data. Therefore, the 
instnjctens are conditional. 
At any grven time, ffie FIFO 
asaooaM with the current 
instructnn may or may not 
be ready to source or re- 
catve daa. if it is not ready, 
ne SlU sKtps Vie nsffuction 
and oontnues with Vie next 
until an rstrucson s found 
which can be execund. This 
instnjcton format also pro- 
vides branching arvS tooprg 
capabriities. 





CL-PX2070 Digital Video Processor 

The OVP contbnes folowtng capab^itiee for multiple 
concurrent video data streams: 

freme butter memory management 
arlVimesc and togtcal processing, 
a programmable host system bus interlaoe, 
fle»ble, mUtistt'eam video datapath, 
windowing controt. 

Possible appfccatnns of the OVP rcfude presenution. 
video editvig. multyneda autfionng. anmaion, video 
tBieconferenang. and video capture and scaftng. 




The Ob>0cr Su/fer Unit 
bws each object buffer t) 
be bcked to eitfwr video 
source, or to be pro- 
grammed to opereiB in- 
dependentty. Ob(ect buff- 
ers may also be placed 
enywriere wttirt the Im- 
earfy-addressable frame 
buflsr. 08U reg«tere 
speafy Vie fol^ng Ibr 
each obiect butter: size 
and bcatnn. operating 
mode. XvidYBLT direc- 
tions, FIFO assooainn. 
chrominance and lumi- 
nance channel masking, 
end ou^t deomation. 



The Ae/erence Frame 
Unit provides simutta- 
neoua aooesa to eight 
object butlisre and tour 
display windows 



DWU 

The Dispiay Window Unit 
sitows each display win- 
dow to be any size or lo- 
cation. When used with 
Vie CL-Pxaoao. display 
windows can overlap. 



MMU 

The /Uemo/y 
Mmagrnnentumt 
pfovidea DRAM/ 
VRAM support 
and trartslaies Vie 
parameters from 
Vie rest of Vie 
system into phys- 
ical memory ad- 
dress usjng re^s- 
tsr MMU.MCR. 
Freme buffer size 
can be up to 6 
megabytes. 



t^Oata 



\ FRAME 
BUFFER 



nPI ^Control 



GRAPHICS 



OVERLAY 



■^Control 
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4. DETAILED REGISTER DESCRIPTIONS 

This section lists and defines the CL-PX2070 OVP registers. 

NOTE: In order to maintain compatibility with (uture Pixel Semiconductor products, ail reseo/ed registers bits 
must be written as 0'. Data values in reserved register locations are not guaranteed on readbacK. 

Register names containing lower-case variables represent groups of registers witfi similar functions. 
Refer to the Conventions table on page 8 for a list of OVP register variables. 

4.1 HIU: Host Interface Unit 
Table 4-1 . HIU Register Address Map 



Register 


Pri. 
Map 


Sec 
Map 


Definition 


Used by Registers 


Ref. Section 


HIU.O 


27C0 


0290 


Register I/O Address 0 


HIU.CSU Configuration Setup 
HIU'dBQ Debug Control 
HIU DRD Debug Read 


4.1.1. p. 23 

4.1.2. p. 24 

4.1.3. p. 24 




27C2 


0292 


Register I/O Address i 


HiU.OCS Operation Control/Status 4.1.5, p. 26 
HiUJRQ Interrupt Request 4.1 .4, p. 25 




27C4 


0294 


Register I/O Address 2 


HIU.RIN Register Index 


4.1.6, p. 27 




27C6 


0296 


Register I/O Address 3 


HIU.RDT Register Data Port 


4.1.7, p. 28 




27C8 


0298 


Register I/O Address 4 


HIU.MDT Memory Data Port 


4.1.8, p. 28 


Ta^ 4-2. HIU Registers Accessed by tlie Register Data Port 




r^iyister 




Index 


Definition 




Ref. Section 






0001 


Intenupt Setup 




4.1.9, p. 29 
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4.1 .1 HIU^CSU: Configuration Setup 

I/O Address 27C0 (Primary Map) 
0290 (Secondary Map) 

HiU_CSU is a read-only register that stores hardware configuration data for the DVP. An external config- 
uration register must provide configuration data to bits 5:0 during the reset interval, HIU_CSU is shad- 
owed by registers HIU.DBG and HIU_DRO. 



15 


14 13 


12 


11 10 


9 8 


7 6 


5 4 3 


2 1 0 


RSVD 


VER 


RSVO 


HSB 


RSVOj FBT 1 PAS 


Bit# 


Access 


Reset 


Description 








15:12 


R 


0000 


RSVD 


Resen/ed (read as '0*). 






11:8 


R 


0000 


VER 


DVP Device Version 

0000 CL-PX2070 revision AB 

0001 CL-PX2070. revision AC 




7:6 


R 


00 


RSVD 


Reserved (read as 'OO*) 







R 111 HSB Host System Bus, Specifies the type of host system connected to the 



DVP 

000 ISA bus 

001 MCA bus 

010 Resen/ed 

01 1 Local hardware interface 

100 AuxISA 

101 AuxMCA - 

1 1 1 Local hardware interface 

XXX All other configurations reserved 



2 


R 


1 


RSVD 


Reserved (read as 1) 


1 


R 


1 


FBT 


Frame Buffer Jumper State. (Used only tor software configuration. 
Does not affect internal DVP operation.) 

0 DRAM 

1 VRAM 


0 


R 


0 


PAS 


Port Address Select. Specifies the I/O address map that the host sys- 
tem should use when accessing the DVP. 

0 Primary port map 

1 Secondary port map 
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4.1.2 HIU.OBG: Debug Control 

I/O Address 27C0 (Primary Map) 0290 (Secorujary Map) 

HIU_D8G is a write-only register that controls the diagnostic mode of the DVP. Register HIU^OCS, field 
MDE enables access to this register when set to *i; HIU.D8G is shadowed by register HIU.DRD. 



15 


U 13 


12 


11 10 


9876543210 




RSVO 




ORE RSVO 


Blt« 


Access 


Reset 


Description 


15:10 


w 


Oh 


RSVD 


Reserved (read as '0'). 


9 


w 


0 


ORE 


Debug Read Enable. Enables access to shadow register HtU.DRD. 

0 Disable debug read 

1 Enable debug read 




w 


ooh 


RSVD 


Reserved (read as '0*). 



4^.3 HIU.ORO: Debug Read 



Address 27C0 (Primary Map) 0290 (Secondary Map) 

^ also: HIU_D8G: Debug Control, p. 24 SlU.MCR: SlU Master Control, p, 58 

HIU_OCS: Operation Control/Status, p, 26 SRJs.SIM: Sequencer Instruction Memory, p, 61 

Mj_DRO is a read-only register that provides diagnostic information, including the global Error Detection 
fflip. the current objea buffer counters, and the SlU current index. HHJ_DRD is a shadow register to 
" J_CSU. Read access to this register is enabled when HIU_OCS, field MDE and HIU^DBG. field ORE 
set to '1 .' 



^•*15 


14 13 


12 


11 10 


9 8 7 6 5 


4 3 2 1 0 


|eot| 




XC 




YC 


SIMIN 


Bit# 


Access 


Reset 


Description 




15 


R 


0 


EOT 


Error Detection Trap. This field is the logical OR of all FIFO overflow 
and underflow flags, and the watchdog timeout 

0 Noerror 

1 Error detected 


14:10 


R 


Oh 


XC 


X Counter. Upper 5 bits of X Counter (Single-Step Mode). (0-1 Fh) 


9:5 


R 


Oh 


YC 


Y Counter. Upper 5 bits of Y Counter (Single-Step Mode). (0-1 Fh) 


4:0 


R 


Oh 


SIMIN 


Sequence Instruction Memory Current Index (0-1 Fh) 
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4.1.4 HIUJRQ: Interrupt Request 

I/O Address 27C2 (Primary Map) 
0292 (Secondary Map) 

See also: HIU.OCS: Operation Control/Status, p. 26 
HIUJSU: Interajpt Setup, p. 29 

HIUJRQ is a read-only register that accesses all interrupt requests generated by the IPU1. IPU2, OBU. 
the watchdog timer, and the FIFO overflow and underflow flags. An intenupt service routine typically uses 
HIUJRQ to determine the interrupt request source(s). HIUJRQ shadows register HIU^OCS. HIU^OCS, 
field SRC must be set to M ' to enable this register. 
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15 U 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



RSVD 


OBT 


IP2C 


IP1C 


FUN 


FOV 


WOT 



Bit # Access Reset Description 



15:6 


R 


Oh 


RSVD 


Reserved (read as '0'). 


5 


R 


0 


OBT 


Object Buffer Termination (auto reset on read). 

0 No interrupt request 

1 Speafies that an object buffer termination condition occurred in 
the OBU. 


4 


R 


0 


IP2C 


IPU2 Counter (auto reset on read). 

0 No interrupt request 

1 Speafies that a line, field* or vertical sync pulse interrupt re- 
quest occurred in the IPU2. 


3 


R 


0 


IP1C 


1PU1 Counter (auto reset on read). 

0 No interrupt request 

1 Speafies that a line, field, or vertical sync pulse interrupt re- 
quest occurred in the IPU1 . 


2 


R 


0 


FUN 


RFO Underflow (auto reset on read). 

0 No interrupt request 

1 Speafies that an underflow condition occurred in a FIFO. (See 
SlU.FOU: FIFO Overflow/Underflow, p, 60.) 


1 


R 


0 


FOV 


FIFO Overflow (auto reset on read). 

0 No interrupt request 

1 Speafies that an overflow condition occurred in a RFO. (See 
SlU.FOU: FIFO Overflow/Underflow, p. 60.) 


0 ■ 


R 


0 


WDT 


Watchdog Timer to generate signal IRQ (auto reset on read). 

0 No interrupt request 

1 Speafies that a timeout condition occurred in VIUJ/VDT. 
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4.1 .5 HIU.OCS: Operation Control/Status 

I/O Address 27C2h (Primary Map) 
0292 (Secondary Map) 

Register HIU_OCS controls the operating mode of the DVP and provides status indicators, HIU_OCS is 
shadowed during read cydes by register HIU JRQ. 

NOTE: Modifications to registers designated as posted do not affect the operation of the DVP until a post com* 
mand is issued either manually using txt PMC, or automaticaity by the SlU. Automatic posting typically 
occurs between field or frame times* 



ts 


14 13 


12 


11 


10 9 


8 


7 6 S 4 3 2 1 0 


RSVO 


FON£ FFNF 


RSVO 


SRC 


MOE OPC 


MPC 


PMC RSVD SH lEM 


RIt it 






Description 








R 


0 


RSVD 


Reserved (read as 'O'). 


m 


R 


0 


FONE 


RFO D Nearly Empty. 

1 RFO D Is within 1 6 pixels of being empty 




R 


0 


FFNF 


RFO F Nearly Full. 

1 RFO F is within 1 6 pixels of being full 




R 


0 


RSVD 


Resented (read as D*). 




R/W 


0 


SRC 


Status Read Seiect Specifies register to access during a read cyde. 

0 Read status from register HlU.OCS 

1 Read status from shadow register HIUJRO 




RW 


0 


MDE 


Master Detxig Enable* 

0 Disable debug suppon registers HIU.DBG and HlU.DRD 

1 EnaUe access to registers HIU.DBG and HlU.DRD 




R/W 


0 


DPC 


Display Window Posting Operation Control (auto reset). Enables the 
register posting mode of the DWU. 

0 Disable posting 

1 Enable posting (auto reset on post) 


8 


R/W 


0 


MPC 


Master Posting CotWA (auto reset). Enables all DVP register posting 
logic. 

0 Disable posting 

1 Enable posting (auto reset on post) 


7 


R/W 


0 


PMC 


Posting Mode Control. 

0 Specifies normal register posting operation (waits for vertical 
sync) 

1 Forces immediate post all registers (DPC, MPC must - 'i ') 



6:5 R/W 0 RSVO Reserved (read as 0'). 
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Bit# Access Reset Oescription 



4 FVW 0 SR Soft Reset Causes a soft reset to b© performed on all internal units. 

All registers are reset to 0. aJ) FIFOs are cleared, and all counters are 
set to 0. Output signals are not placed in ttiree-state. 

0 No reset performed 

1 Perform soft reset 

3:0 R/W 0000 iEM Interrupt EnaWe Mask, Enables interrupt requests. When more tnan 

one interrupt source is enabled, the requests are ORed — any source 
can assea signal IRQ. See Section 4.1.9 on page 29 for additional 
information on the interrupt system. 
0001 Enable counter to generate signal IRQ 
001 0 Enable watchdog to generate signal IRQ 
0100 Enable obfect buffer termination to generate s/gnai IRQ 
1 000 Enable FIFO overflow/underflow to generate signal IRQ 



1# 
111 



4.1.6 HIU.RIN: Register Index 

I/O Address 27C4 (Prfmary Map) 
0294 (Secondary Map) 



Register HIU.RIN specifies the index value of the next register to be accessed. An optional control (bit 
AiC) automatically increoients the index address on consecutive read or write cycles. 



15 


. 14 13 


12 


11 10 9876543 


2 


1 


0 


AIC 


RIN 


Blt# 


Access 


Reset 


Description 








15 


RAV 


Oh 


AIC Automatic Increment Control (index address). 

0 Disable 

1 Enable 








14:0 


R/W 


Oh 


RIN Register Index. (0-7FFFh) 
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4.1.7 HIU_ROT: Register Data Port 

I/O Address 27C6 (Primary Map) 
0296 (Secondary Map) 

HIU.RDT is the register data port Registers are index-mapped to H1U_R0T by HIU.RIN. 

15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0 

I QIC ^ 

Blt» Acceee R— et D— criptlon 

15.0 fVW Oh DIP Register Data I/O 

4.1.8 HIU.MOT: Memory Data Port 

Address 27C8 (Pfimary Map) 
if 0298 (Secondary Map) 

1^ port HIU_MOT accesses the frame buffer. To maintain data integrity when reading or writing to this 
first check the status of the appropriate FIFO. 



p5 14 13 12 11 10 



MIO 



Pt « Access Reset Description 



^0 R/W Oh MIO Memory Data I/O 

1 
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4.1.9 HIUJSU: Interrupt Setup 

1/0 Address HIU_ROT 
Index 0001 

Register HIUJSU specifies the interrupt modes for the IPU1 , IPU2, and the OBU. Any interrupt requests 
generated in the IPU1, IPU2, and OBU must also be enabled through register HIU^OCS, field lEM. 

iPU interrupts are combined with an AND function. If more than one interrupt source is enabled within an 
iPnS field, all sources must be active before an interrupt request is posted. 

The interrupt sources in the OBIS field use an OR function. If more than one interrupt source is selected, 
any one active source can trigger an interrupt. 



15 U 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



RSVO 


IP2S 


IPIS 


0813 



1 

S Bit# Access Reset Description 

w _— — 

15:14 R/w GO RSVD Reserved (read as *0T 

000 IP2S IPU2 Interrupt Select. Specifies the iPU2 line count field count, and 
input vertical sync pulse combination required to generate an interrupt 
request, 

001 Interrupt on line count 
010 internjpt on field count 
1 00 Interrupt on vertical sync 

000 IP1 S IPU1 Interrupt Select. Specifies the IPUl line count, field count, and 
input vertical sync pulse combination required to generate an interrupt 
request, 

001 Interrupt on line count 
010 Internjpt on fieW count 
1 00 Interrupt on vertical sync 

7:0 R/W Oh OBIS Object Buffer Termtnetion Interrupt Request. Specifies the OBU object 

buffer termination conditions combination required to generate inter- 
rupt request signal IRQ. 
0 1 h Objea buffer o term ination 
02h Object buffer i termination 
04h Objea buffer 2 termination 
08h Object buffer 3 termination 
1 0h Object buffer 4 term ination 
20h Object buffer 5 termination 
40h Object buffer 6 termination 

80h Object buffer 7 termination 



13:11 



RAV 




10:8 R/W 
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4.2 VBU: Video Bus Unit 
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Register 


Index 


Definition 


Posted? 


Rof. Section 


ViU: Video Interface Unit 






d 9 1 n *)n 
^•^4 1 , p. JU 


VIU_MCR1 


1000 


VNJ (master Control VI 




1.1. |J* 


V1U_MCR2 


1001 






9 1 1 n 'tn 
^•«« 1 • 1 1 p. ou 


VIU_0PC1 


1002 




^\J9 % Cw 


d 0 1 9 n ^9 
^ p. 


VIU_0PC2 


1003 




POSTED 




VIU.WOT 


1004 


wntMiuuu 1 If iiQf 


• 1 Cw 




VIU.TEST 


1006 








gVSU: Video Sync Unit 






4.2i. p. 35 


#VSU HSW 

W — = 


1100 


Horizontal Sync Width 


POSTED 


4.2^.1. p. 35 


%jVSU_HAD 


1101 


Horizontal Acdvo Delay 


POSTED 


A.222, p. 36 


#/SU HAP 

•fl 


1102 


Horizontal Active Pixels 


POSTED 


p. 36 


ii/SU HP 


1103 


Horizontal Period 


POSTED 


4.2^.4. p. 36 


Nvsu_vsw 


1104 


Vertical Sync Width 


POSTED 


4.2^^. p. 37 


ffl^/SU VAO 


1105 


Vertical Active Delay 


POSTED 


4.2J2.6. p. 37 


BI^SU VAP 


1106 


Vertical Active Pixels 


POSTED 


4.2J2.7, p. 38 


11 

i^SU.VP 


1107 


Vertical Period 


POSTED 


4.22.8. p. 38 



"^.2.1 VIU: Video Interface UnH 
4.2. }. 1 VIU_MCRp: VIU Maatw Control 

I/O Address HIU.ROT 

Index 1000 (VIU.MCRI: VIU Master Control VI) 



1001 (ViU_MCR2: VIU Master Control V2) 



Registers VIU.MCRl and ViU_MCR2 specify the functional and I/O characteristics of Video Port Inter- 
faces 1 and 2. 



15 


14 


13 12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 0 


STM 


OFP 


OSS 


OVSP 


OHSP 


OBP 


OBT 


IFP 


tss 


IVSP 


IHSP 


IBP 


IBT 


tOM 
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Blt# 


Access 


Res 


Description 


15 


R/W 


0 


O 1 jVI 


0 Disabled 

1 Enabled 


14 


RAV 


0 


vjrr 


vjuipui viaeo rieia roianiy. 

0 Normal polarity 

1 Inverted poianty 


13:12 


R/W 


00 


Vi/OO 


uurpui vigeo oync oource. 

00 VnVS. VnHS. and VnBL input to OVP 

01 VnVS, VnHS input to OVP: VnBL output from OPU 

10 VnVS. VnHS. and VnBL output from VSU 

1 1 VnVS, VnHS output from VSU. VnBL output from OPU 


n 


RW 


0 


OVSP 


Output Video Vertical Sync Polanty. Specifies VnVS poianty wnen output 

0 Aaive (ow 

1 Active high 


10 


RAV 


0 , 


OHSP 


Output Video Honzontal Sync Polanty, Specifies VnHS polanty when output. 

0 Active low 

1 Active high 


9 


R/W 


0 


OBP 


Output Video Blank Polanty. Specifies VnBL polanty when output; 

0 Active low 

1 Active high 


8 


Rm 


0 


OBT 


Output Video Blank Type, Specifies VnBL type when output. 

0 Horizontal blank 

1 Composite blank 


7 


R/W 


0 


IFP 


Input Video FieW Polanty. 

0 Active low 

1 Active high 


6 


R/W 


0 


ISS 


Input Video Sync Source, 

0 VnVS, VnHS, and VnBL input to OVP 

1 VnVS, VnHS. and VnBL output from OVP 


5 


R/W 


0 


IVSP 


Input Video Vertical Sync Polanty. Specifies VnVS polanty when input. 

0 Active low 

1 Active high 


4 


R/W 


0 


IHSP 


Input Video Horizontal Sync Polarity. Specifies VnHS polanty when input. 

0 Active low 

1 Active high 


3 


R/W 


0 


IBP 


Input Video Blank Polanty. Specifies VnBL polanty when input, 

0 Active low 

1 Active high 


2 


R/W 


0 


IBT 


Input Video Blank Type. Specifies VnBL type wnen input, 

0 Honzontal blank 

1 Composite blank 


VO 


R/W 


00 


lOM 


V1/V2 InpuvOutput Mode. 

00 input only 

01 Output only , ^ . . r.- 

10 Duplex, output on VnPH htgh " " 

1 1 Duplex, output on VnPH low 
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4.2. 1.2 vnj_DPCf: Datapath Control 

POSTED " 
I/O Address * HIU_flOT 

index 1 002 (ViU_OPCi : Datapath Control. ReW i ) 

1003 {VIU_0PC2: Datapath Control. RekJ 2) 

Registers VIU_DPC1 and VIU_DPC2 specify the flow of stream data and the source of control sync ref- 
erences for the IPU1, the IPU2, and the OPU for fields 1 and 2. 



15 


U 13 


12 


11 10 9 


8 7 6 


$ 4 3 


2 1 0 


RSVO 


vsuoc 


IPU10C 


IPU20C 


OOC 


BIt# 


Access 


Reset 


Description 








15:12 


R/W 


0000 


RSVO Reserved (read as *01. 







KM 



11:9 R/W 000 VSUOC VSU Datapath Control 

000 
001 
010 
Oil 
100 
101 
XXX 



Vt sources clock 
VI sources dock. VI PH qualified 
V2 sources clock 
V2 sources dock. V2PH qualified 
MCLKf3 (sequencer dock) timetiasa 
MCtJ<-»«Uinebase 
AH other configurations reserved 



rfsfe g-g 

m 



R/W 000 tPUl DC IPU1 Datapath ControL Specifies the source of control sync references 

and input stream data for the IPUi . 

000 VI sources sync and data 

001 VI sources sync and data, VI PH qualified 

01 0 V2 sources sync and data 

01 1 V2 sources sync and data, V2PH qualified 

1 00 OPU sources data. MCLK^3 HS timebase. VSU sources sync 

101 OPU sources data, MCLX^ HS timebase. VSU sources sync 
XXX All other cortfigurations reserved 

5:3 R/W 000 IPU2DC IPU2 Datapath Control. Specifies the source Of control sync references 

and input stream data for the IPU2. 

000 VI sources sync and data 

001 VI sources sync and data, Vl PH qualified 

010 V2 sources sync and data 

01 1 V2 sources sync and data. V2PH qualified 

100 OPU sources data, MCLK^3 HS timet)ase, VSU sources sync 

1 01 OPU sources data. MCLK^^ HS timebase. VSU sources sync 

1 10 HIU sources data directly to FIFO F. no sync controls 

1 1 1 Reserved 
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Btt# Access Reset Description 



2.0 R/W 000 OOC OPU Datapath Control, Spectfies tne source of control sync references 

and tne destination of output stream data from tne OPU. 

000 V1 sources sync 

001 VI sources sync, VI PH qualified 
010 V2 sources sync 

on V2 sources sync, V2PH qualified 

100 VSU sources sync, MCLK^-S timebase 

101 VSU sources sync, MCLK+6 timebase 

1 10 HIU receives data directly from FIFO D, no sync controls 

1 1 1 Reserved 



4,2.1.3 VIU^WDT: Watchdog Timer 

®3 POSTED 

^5 I/O Address HIU^RDT 

id I Index 1004 

Register VIU^WDT controls watcMdog timer operation, and specifies the field toggle mode of the SlU, 



15 


14 


"13 


12 


11 


10 




9876543210 


RSVD 


MMS 


MFTS 


WTE 


TMOUT 


Bit# 


Access 


Reset 


Oescription 


15 


RAV 


0 


RSVD 


Resen/ed (read as '07. 


14 


R/W 


0 


MMS 


Manual Mode Staa Writing 0, then i while MFTS is programmed to 6h 
initiates a field toggle in manual mode. 


13:11 


RW 


000 


MFTS 


Master Field Toggle Select. Specifies the field toggle mode for the SiU. 
The field toggles on the leading edge of vertical sync, 

000 FreW timing from VI VS input 

001 ReW liming from Vi VS output 

010 Fiefd timing from V2VS input 

01 1 Field timing from V2VS output 

1 00 Fteid timing from watchdog timer 

101 Held timing from VSU vertical sync 

1 1 0 Reid timing from manual mode start 

1 1 1 Reserved 


10 


Rm 


0 


WTE 


Watchdog Timer Enable. 

0 DisaDi e watchdog tim er 

1 Enable watchdog timer 


9:0 


R/W 


Oh 


™OUT 


Timeout. Specifies the watchdog tjmer interval. The timebase interval 
IS MCLK prescaled by a factor of 49.152 (3 * 214). (0-3FFh) 
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4.2, 1A VIU_ TEST: Test Register 



I/O Address 
Index 



HIU.RDT 
1006 



VIU.TEST is a read-only test register for diagnostic use and software debugging. It allows user to monitor 
conditions between IPU1. IPU2, OPU, and VIU. 



15 


14 


13 12 11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 


MF 


MFIO 


flSVO 


OBiN 


OVS 


CHS 


OBL 


ono 


I2VS 


t2SL 


I2F1D 


I1VS 


tl8L 


11 RO 



Bit# Access Reset Description 



15 


R 


0 


MF 


Master Rekl Specifies which SiU loop is being executed. 

0 SlU.MCR. field S1 1 

1 SIU MCR field SI2 


14 


R 


0 


MRD 


Master Reld 10. Monitors the state of the VIU^WDT Master Fieid Tog- 
gle Select condition. Inverted from selected source field 10. For exam- 
ple, if VI and IPU1 are selected, this bit is inverted from I1FI0. See 




R 


000 


RSVO 


Reserved. 




fl 


0 


OBIN 


Blank in from OPU based on the dipping values programmed into reg- 
isters OPU.XBII. 0PU_XE11 , 0PU_YBI1. and OPU^YEII. 




R 


0 


OVS 


OPU Vertical Sync. 




fl 


0 


OHS 


OPU Horizontal Sync. 


m 


R 


0 


OBL 


OPU Blank. 


r- 


R 


0 


ORO 


OPU Ftekl ID. Value depends on OPU field polarity (specified by 
OPU.MCRf.bitFPS). 




R 


0 


I2VS 


IPU2 Vertical Sync 


4 


R 


0 


I2BL 


IPU2 Blank. 


3 


R 


0 


I2F10 


IPU2 Field 10. Value depends on IPU2 field potanty (specified by 
IPU2_MCRf,bitFPS). 


2 


R 


0 


I1VS 


IPU1 Vertical Sync. 


1 


R 


0 


I16L 


IPU1 Blank. 


0 


R 


0 


I1FID 


IPU1 Field 10. Value depends on IPUI fiekl polarity (specified by 
IPUI.MCRf.bitFPS). 
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4.2.2 VSU: Video Sync Unit 

The following sections describe the VSU registers, shown in Figure 4-1 and Figure 4-2- 



VnHS (HSYNC) 



vnec 

(SI>NtC; active pi x©is) 



VSU,HSW 



\ r 



VSU HAO 



VSU HAP 



1 



Figure 4-1. VSU Horizontal Sync Timing 



VnSL 

(BLANK': active Inaa) 



VSU VAO 



I 



VSU VAP 



VnVS (VSYNC-) vsu vsw \ ^ 



1 V 



VSU VP 



Rgure 4-2, VSU Vertical Sync Timing 

T ysUJiSW: Horizontat Sync Width 

POSTED 

I/O Address HIU^RDT 
Index 1100 

Register VSU^HSW specifies the width of the horizontal sync pulse generated by the internal sync gen 
erator. The timebase is specified by registers VIU^DPCf, bits 1PU1DC and IPU2DC, 



15 


14 13 


12 11 10 9 8 7 


6 5 


4 3 2 1 


0 


RSVO 


HSW 


Blt# 


Access 


Reset Description 








15:7 


RAV 


Oh RSVO Resented (read as Ol, 






6:0 / 


R/W 


Oh HSW Horizontal Sync Width. (0-7Fh) (20h 


. 7Fh in loopback mode) 
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4.2^^ VSU^HAD: HorizontBl AciivB Delay 

POSTED 

I/O Address HIU.ROT 
Index 110? 



Register VSU.HAO specifies the delay from ttie start of the horizontal sync pulse generated by tne internal sync 
generator to the beginning of the horizontai active interval. The timebase is specified by VtU OPCf, bits iPUIOC 
and IPU20C, VSU.HAD must equal VSU_HSW>3 when OPU.MCRf. bit l-SM - 1. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
RSVO \ HAD 



Blt# Access Reset Description 



15:10 H/W 


on 


RSVD 


Reserved (read as 'V). 


9:0 R/W 


Oh 


HAD 


Horizontal Active Oeiay. (0-3FFh) 



m 4^.3 VSUJHAP: Horizontal AeUva Plxols 

1 POSTED 

S I/O Address HIU^ROT 
Index 1102 

|ri Register VSU.HAP speafies the width of the horizontai active interval generated by the internal sync generator. The 
a timebase is input m emory clock signal MCLK prescaled by a factor of 3 or 6. as specified by VIU DPCf . bits IPU1 DC 
fiand IPU2DC. 

yj 

m 15 14 13 12 t1 10 9 8 7 S 5 4 3 2 1 0 



RSVO 



HAP 



^^Bit# Access Reset Description 



15:11 R/W Oh RSVD Resented (read as *0T 

10:0 R/W Oh HAP Horizontal Active Pixels (0-3FFh) 



4.2^,4 VSU^HP: HortzontMl Period 

POSTED 

I/O Address HIU.ROT 
Index 1103 



Register VSU_HP specifies the width of the horizontal sync period generated by the internal sync generator. The 
timebase is input memory dock signal MCLK prescaled by a factor of 3 or 6, as specified by ViU.DPCt bits iPUl DC 
and !PU20C: 
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NOTE: The numoer entered tn HP must oe one less than the desired interval. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 



RSVO 


HP 


Bit« 


Access Reset 


Description 




15:10 


RAiV Oh 


RSVD 


Reserved (read as '0'). 




9:0 


R/W Oh 


HP Desired Honzontai Penod 


- (0-3FFh) - 1 



4.2.2,5 VSU_ VSW: VertiMi Sync Width 

POSTED 

I/O Address HIU.ROT 
Index 1104 



Register VSU_VS W specifies the width of the vertical sync puise generated by the internal sync generator. The tjme- 
base ts the honzontai sync interval specified by register VSU.HP. 



15 



14 



13 



12 



11 



10 



RSVO 



VSW 



Blt# Access Reset Description 



15:7 R/W Oh RSVO Reserved (read as *0'), 
6:0 R/W Oh VSW Vertical Sync Width (0-7Fh) 



4.2,2.6 VSU_ VAO: Vertical Active Delay 

POSTED 

I/O Address HIU.ROT 
Index 1105 

Register VSU^VAD specifies the delay from the start of the vertical sync pulse generated by the intern 
sync generator to tfie beginning of the vertical active interval* The timebase is the horizontal sync interv 
specified by register VSU_HP, 



15 


14 13 12 


11 10 


9 8 7 6 5 4 


3 2 1 c 


RSVO 


VAO 


Blt# 


Access Reset 


Description 




15.10 


R/W Oh 


RSVD 


Resen/ed (read as '0*). 
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90 


R/W Oh 


VAO Vertical Active Delay. (0-3 FFh) 
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4.2^.7 VSU_ VAP: Vertical Active Pixels 

POSTED 

I/O Address HOJ.ROT 
Index 1106 



Register VSU.VAP spedfies the width of the vertical active interval generated by the Interns sync gen- 
erator. The timebase is the horizontal sync interval specified by register VSU_HP. 



15 


14 13 12 


11 10 9 8 7 6 5 4 


3 


2 


1 


0 


1 


RSVO 


1 VAP 








1 


Blt# 


Access Rssst 


Osscription 










15:11 


fVW Oh 


RSVD Reserved (read as •0'). 










10:0 


fVW Oh 


VAP Vertical Active Pixels. (0-7FFh) 











VSU^ VP: VerticMl Period 

PiSTED 

IpAddress HIU.ROT 
ij^x 1107 



^SfL ^ r °' P«^«* generated by the internal sync generator. 

7|» timebase is the horizontal sync interval specified by register VSU.HP. This register also provides the 
^^le and single sweep controls for the internal sync generator. <»«oprgv««.ine 



.15 14 13 12 11 10 



lljE I SSE I VR. I flSVO I ^ 

133 



Access Reset Description 



^ 0 SGE Sync Generator Enable. (Enabled when SSE -1.) 

1 Another single sweep occurs (SGE resets to '0' at the end of 
the sweep) 

14 R?w 0 



SSE Single Sweep Enable. Enables single sweep mode. 

0 SGE ignored 

1 SGE enabled 



'3 fVW 0 VFL Video Field Lock. 

0 No field lock 



Rekl-locks (synchronizes) VSU to the incoming field of the vW- 
eo source selected as the master in register VIU.WDT. bit 
MFTS: allows an intemai process that may run mueS faster to 
remain In sync with an incoming stream. 



12 R/W 0000 RSVD Resented (read as O*). 



9:0 R/W Oh VP Vertcal Active Count. fQ-7FFhl ATI019064 
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4.3 VPU: Video Processor Unit 



Name 


Index 


Definition 


Posted? 


Ref. Section 


VPU Global Control 






4.3.1 , p. 44 


VPU 




2000 


VPU Mastpr (Control 


POSTED 


4 3 11 D 44 


IPU1 


: Input Processor Unit 1 






4.3.2. p. 45 


IPU1 


PIX 


?inn 

£ 1 \J\J 


Pixel Count 




4.3.2.1, p. 45 


IrUi 


Lie 


2101 


Line Count 


_ 


4.3^Z p. 45 


mi 1 4 

IPUi 


PLC 




Field Count 


_ 


4.3.2.3. p. 46 


IPUI 


1 [R 


C 1 uo 


Line Count Interrupt Request 




4.32.4. p. 46 


1PU1 






Field Count Interrupt Request 




4.32.5, p. 46 


IPUl 


1 PR 


99nn 


LUT RAM Base Address 




4.32.6. p. 47 


IPU1 




5oni 


LUT RAM Data 




4.32.7. p. 47 


IPUI 






IPU1 Master Control. Field 1 


POSTED 


4.32.8. p. 48 


IPUI 






X Begin Fraction, Reid i 


POSTED 


4.32.9, p. 49 


IPU1 


XBil 


3002 


X Begin Integer, Reld 1 


POSTED 


4.32.9. p. 49 


IPU1 


_XE11 


3003 


X End Integer, Field 1 


POSTED 


4.32.10. p. 50 


IPUI 


_XSF1 


3004 


X Shrink Fraction, Field i 


POSTED 


4,3.2.11. p. 50 


IPUI 


_XSi1 


3005 


X Shrink Integer, FiekJ l 


POSTED 


4.32.11. p. 50 


IPUI 


^YBF1 


3006 


Y Begin Fraction, Field 1 


POSTED 


4.3.2.12. p. 51 


IPU1 


_YBI1 


3007 


Y Begin Integer. Field i 


POSTED 


.4.3.2.12. p. 51 


IPU1 




3008 


Y End Integer, Field 1 


POSTED 


4.32,13, p. 51 


IPU1 


_YSF1 


3009 


Y Shnnk Fraaion, Field 1 


POSTED 


4.32.14. p. 52 


IPUI. 


^YSH 


300a 


Y Shrink IntPner PiPid 1 


POSTED 


4.32.14, p. 52 


IPU1. 


,KFC1 


300b 


Key Function Code, Fiekj 1 


POSTED 


4.32.15, p. 52 


IPUV 


_MMY1 


300c 


Chroma Key Y/R Max/Min, Field i 


POSTED 


4.3.2.16. p. 53 


IPU1. 


^MMUI 


3000 


Chroma Key U/G Max/Min, Field 1 


POSTED 


4.3.2.16. p. 53 


IPU1. 


JAM\J) 


300e 


Chroma Key V/B Max/Min, FiekJ 1 


POSTED 


4.3.2.16. p. 53 


IPU1. 


_MCR2 


3100 


IPU1 Master Control, Field 2 


POSTED 


4.32.8, p. 48 


(PU1, 


XBf2 


3101 


X Begin Fraction, Field 2 


POSTED 


4.32.9, p. 49 


fPU1_ 


X812 


3102 


X Begin integer, Field 2 

> r^- 1 c - *; c 


POSTED 


4 3.2.9. p. 49 


July 
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Name 

IPU1_XEI2 
IPU1_XSF2 
IPU1_XSI2 
IPU1_YBF2 
IPU1_YBI2 
IPU1_YEI2 
IPU1_YSF2 
IPU1_YSI2 
JiUl_KFC2 
lfej1_MMY2 
J1_MMU2 
»iEI1_MMV2 



'"<<«x Definition 



3103 

3104 

3105 

3106 

3107 

3108 

3109 

310a 

310b 

310c 

310d 

310e 



X End Integer, Field 2 
X Shrink Fr action. Field 2 
X Shrink Integer. Field 2 

Y Begin Fr action. ReW 2 

Y Begin In teger. ReW 2 

Y End Integer. ReW 2 

Y Shrink Fractmn. Reld 2 

Y Shrink Integer. ReW 2 
Key Function C ode. ReW 2 
Chroma Key Y/R Max/M in. ReW 2 
Chroma Key U^Q Max/ Min. F«w 2 
Chroma Key V/B Max/Min. ReW 2 



POSTED 

POSTED 

POSTED 

POSTED 

POSTED 

POSTED 

POSTED 

POSTED 

POSTED 

POSTED 

POSTED 

POSTED 



I#a2; Input Processor Unit 2 



Ref. : action 

4.3 2.10. p. 50 
4i.2.11.p.50 

43.2.11. p. SO 
02.12. p. 51 

4.32.12. p. 51 

4.32.13. p. 51 

4.32.14. p. 52 

4.32.14. p. 52 

4.32.15. p. 52 

4.32.16. p. 53 
4.32.16. p. 53 
4.32.16. p. 53 
4.3.3. p. 54 




40 
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4.3 VPU: Video Processor Unit fconrj 





Name 


Index 


Definition 


Posted? 


Ref. Section 




SlU: Sequencer Instruction Unit 




4 3.4. p. 58 




StU.WCR 


2800 


SlU Master Control 




4.3.4.1. p. 58 




SlU.FCS 


2801 


FIFO Control/Status 




4.3.4 2. p. 59 




SlU.FOU 


2802 


FIFO Overflow/Undertlow 




4.3.4.3, p. 60 




SlU.FAR 


4001 


FIFO Auto Reset 




4.3.4.5. p. 62 




SlUC.SIM 


2e00 


Sequencer instruction Memory 0 




4,3.4.4, p. 61 




S1U1_SIM 


2e0i 


Sequencer Instruction Memory i 




4 3.4.4. p. 61 




S!U2_S1M 


2e02 


Sequencer instruction Memory 2 




4 3.4.4, p. 61 




SIU3_SIM 


2e03 


Sequencer Instruction Memory 3 




4.3.4.4, p. 61 




SIU4_S1M 


2e04 


Sequencer Instruction Memory 4 




4.3.4.4, p. 61 


4^ 


StU5_3IM 


2e05 


Sequencer instruction Memory 5 




4.3.4.4. p. 61 


4p 


SIU6_SiM 


2e06 


Sequencer instruction Memory 6 




4.3.4.4. p. 61 




S!U7_SIM 


2e07 


Sequencer Instruction Memory 7 




4.3.4.4, p, 61 


!i 


SlU8,SiM 


2e08 


Sequencer Instruction Memory 8 




4.3.4.4, p. 61 




SIUQ.SIM 


2e09 


Sequencer Instruction Memory 9 




4.3,4.4, p. 61 




SlU: O.SIM 


2e0a 


Sequencer instruction Memory 10 




4.3.4.4, p. 61 




S!U1 i_SIM 


2eOD 


Sequencer Instruction Memory 1 1 




4 3.4.4. p, 61 


'"t" — 


SIU12_SIM 


2e0c 


Sequencer Instruction Memory 12 




4.3.4.4, p. 61 




SIU13.S1M 


2eOd 


Sequencer Instruction Memory 13 




4.3.4.4, p. 61 




S!U14_S1M 


2e0e 


Sequencer instruction Memory 1 4 




4.3.4,4, p. 61 




SIU^5_SIM 


2e0f 


Sequencer Instruction Memory 15 




4.3.4,4. p. 61 




S1U^6_SIM 


2eio 


Sequencer Instruction Memory 16 




4.3.4.4, p. 61 




SiUl7_SiM 


2eii 


Sequencer instruction Memory 1 7 




4.3.4.4. p. 61 




SiU"!8_SlM 


2ei2 


Sequencer instruction Memory 1 8 




4,3.4.4. p. 61 




51U19.SIM 


2ei3 


Sequencer instruction Memory 19 




4 3.4.4, p. 61 




S1U2C_S1M 


2014 


Sequencer Instruction Memory 20 




4.3.4.4. p. 61 




31U2'_SiM 


2el5 


Sequencer Instruction Memory 21 




4.3 4 4, p. 61 




SiU22_5:M 


2el6 


Sequencer instruction Memory 22 




4 3.4 4. p. 61 




5:U2j SiM 


2617 


Sequencer instruction Memory 23 




4 3 4 4, p. 61 
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4.3 VPU: Video Processor Unit (com.) 



Name 


" index 


Dafinltlon 




noT. Section 


SIU24_SIM 


2el8 


Saquencar Instruaion Memory 24 


— 


4.3.4.4. p. 6^ 


SIU25_SIM 


2ei9 


Sequencer Instnjction Memory 25 




^ 4 if if n ^4 

4,3.4.4, p, 61 


SIU26_SiM 


2«ia 


Sequencer Instruction Memory 26 




4.3.4.4, p. 61 


SIU27_SIM 


2eib 


Sequencer Instruction Memory 27 




A ^ A A M 04 


S1U28_SIM 


201 e 


Sequencer Instruction Memory 28 




A *^ A A r\ ei 


SiU29_SIM 


2aid 


Sequencer Instnjction Memory 29 




A ^ A A M C4 


Sluao.siM 


2ele 


Sequencer Instruction Memory 30 




A ^ A A A Ad 

4.3.4,4, p, 61 


SIU31_SIM 


2eif 


Sequencer Instnjction Memory 3i 




A t A A M 

4.J.4.4, p. 01 


A^: Arittunctic and Logic Unit 




4.3.4.5. p. 62 


A|t||.MCRl 


2900 


AIJJ Master Control. Field 1 


POSTED 


4.3.5.1. p. 82 


A1^MCR2 
— # 


2901 


ALU Master Contnii. Raid 2 


POSTED 


4.3.5.1. p. 62 


A^TOP 


2902 


Tag Operation 


POSTED 


4.3.52. p. 64 


A^AV 


2903 


Alpha Value 


POSTED 


4.3.5.3. p. 64 


AL^_LOPY 


2904 


Logic Operation Channel Y 


POSTED 


4.3.5.4. p. 65 




2905 


Logic Operation Channel U 


POSTED 


4.3.5.4. p. 65 


AL^LOPV 


2906 


Logic Operation Channel V 


POSTED 


4.3.5.4. p. 65 


ALllCAY 


2907 


Constant A. Channel Y 


POSTED 


4.3.5.5. p. 65 


ALf^CAU 


2908 


Constant A. Channel U 


POSTED 


4.3.5.5. p. 65 


ALU.CAV 


2909 


Constant A. Channel V 


POSTED 


4.3.5.5, p. 65 


ALU.CBY 


290a 


Constant B. Channel Y 


POSTED 


4.3.5.6. p. 66 


ALU.CBU 


290b 


Constant B. Channel U 


POSTED 


4.3.5.6. p. 66 


ALU.CSV 


290e 


Constant B. Channel V 


POSTED 


4.3.5.6. p. 66 


ALU.CCY 


290d 


Constant C. Channel Y 


POSTED 


4.3.5.7. p. 66 


ALU_CCU 


290e 


Constant C. Channel U 


POSTED 


4.3.5.7. p. 66 


ALU.CCV 


290f 


Constant C. Channel V 


POSTED 


4.3.5.7. p. 66 
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4.3 VPU: Video Processor Unit ('conr; 



Name 


Index 


Definition 






OPU; Output Processing Unit 






4.3.6. p. 67 


0PU_MCR1 


2a00 


OPU Master Control, Field 1 


POSTHD 


4.3.6.1, p. 67 


0PU_XBI1 


2a02 


X Begin integer, Field 1 


POSTED 


4.3.6Z p. 68 


OPU.XEll 


2a03 


X End Integer, Field 1 


POSTED 


4.3.6.3, p. 68 


0PU_YBI1 


. 2a07 


Y Begin Integer, Feld 1 


POSTED 


4.3.6.4. p. 69 


0PU_YEI1 


2a08 


Y End Integer, Field 1 


POSTED 


4.3.6.5. p. 69 


0PU_MCR2 


2D00 


OPU Master Control, Field 2 


POSTED 


4.3.6.1. p. 67 


0PU_X8I2 


2D02 


X Begin Integer, Field 2 


POSTED 


4.3.6.2. p. 68 


0PU„XE12 


2b03 


X End Integer, Field 2 


POSTED 


4.3.6.3. p- 68 


0PU_YBI2 


2b07 


Y Begin Integer, Reld 2 


POSTED 


4.3.6.4. p. 69 


0PU_YEi2 


2b0d 


Y End Integer. Field 2 


POSTED 


4.3.6.5, p. 69 
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4.3.1 VPU Global Control 

4.3. 1. 1 VPU_MCR: VPU Master Control 

POSTED 

I/O Address HIU.RDT 
Index 2000 

Register VPU.MCR controls the operation of the IPU1 . the IPU2, and the OPU for fields 1 and 2. 

,5 14 13 12 11 10 9 S 7 6 3 * ^ 2 1 0 

I Sivo IalueT oprei \ 'Wfss | ipifss 



Blt# Access Reset Description 



15:13 FVW Oh RSVD Reserved (read as 'O'). 



12 R/W 0 ALUE ALUEnat}le. 

O 0 Disable ALU operation 

1 Enable ALU operation 



i:f% R/W 0000 OPFSS OPU Field Sync Select Enables OPU operation. Specifies field syn- 
^- chronization and processing. 

0000 Disable OPU operation 
■■ ^ 0001 Stan OPU on next field, both fields processsed 

0010 start OPU on field i.sin^e field processsed 

001 1 Start OPU on field 1 . both fields processsed 

01 00 Start OPU on field Z single field processsed 

01 01 Start OPU on field Z both fields processsed 



iW RW 0000 IP2FSS IPU2 Field Sync Select. Enables IPU2 operation, specifies field syn- 

chronization and processing. 
113 i 0000 Disable I PU2 operation 

=^ 0001 Start IPU2 on next field, both fields processsed 

001 0 Start IPU2 on field 1 , single field processsed 

0011 Start IPU2 on field 1. both fields processsed 

01 00 Start IPU2 on field 2, single field processsed 

0101 Start IPU2 on fiel d 2. both fields processsed 

3:0 RW 0000 IP1 FSS IPU1 Field Sync Select Enables iPUl operation, specifies field syn- 
chronization and processing. 

0000 Disable IPUl operation 

0001 Start IPU1 on next field, both fields processsed 

0010 Start IPU1 on field 1 . single field processsed 

001 1 Start IPU1 on field i . both fields processsed 

0100 Start IPUl on field 2, single field processsed 

0101 Start IPU1 on field 2. both fields processsed 
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4.3.2 IPU1 : Input Processor Unit 1 
4.3.2. T -IPUI^PIX: Pixel Count 

I/O Address HIU^RDT 
Index 2100 

Register IPU1_PIX is a read-only register that reads back the value of the current 11 -bit pixel counter. 



15 


14 13 


12 


11 


10 9876543210 


RSVD 


PC 


Bit # 


Access 


Reset 


Description 


15:11 


R 


Oh 


RSVD Reserved (read as '0'). 


10.0 


R 


Oh 


PC 


Pixel Count current line. Automatically resets to 0* at the Degmntng of 
each line. (0-7FFh) 



ii 

%3 



m 



4.3.2.2 IPU1 UC: Line Count 



U I/O Address HIU^RDT 
fl '^*^ex 2101 



Register iPUl_LIC is a read-only register of the current 11 -bit line count. 



15 


14 13 


12 


11 


10 9- 876543210 


RSVD 


LC 


Bit# 


Access 


Reset 


Description 


15:11 


R 


Oh 


RSVD Resented (read as C). 


10:0 


R 


Oh 


LC 


Line Count current field. Automat)caJ!y resets to *0' at the beginning of 
each field. (0-7FFh) 
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4JJJ IPU1_FLC: FhM Count 

VO Address HIU.ROT 
Index 2102 

Register IPUI.FLC returns the current iS-bit field count on read. 



15 


14 13 


12 


11 10 98705432 1 


0 


RSVO 


FC 


Blt« 


Aecesa 


RM«t 


Oescfiptlon 




IS 


R 


Oh 


RSVO Reserved (read as D*). 




14:0 


R 


Oh 


FC Reld Count. Resets to -0' when IPUl.RR. tit FCE - 0.' 





4^,4 IPU1JLIR:Un0 Count MmptRtqutt 



Address HIU.ROT 

In^ 2103 

■''si 



F^^ter iPUl LIR generates an intenupt request when the 1 1 -bit value In field IRLC is equal to the value 
lffpU1_UC, btt LC. 

Nis 14 13 12 11 10 • 8 7 e S 4 3 2 1 0 





RSVO 




IRLC 


mi 


Access Reset 


Description 






FVW Oh 


RSVO Reserved (read as *0*). 





10I& R/W Oh IRLC intem^it Request Une Count (0-7FFh) 



4.3^ J IPV1_F1R: FMd Count mtanupt R»qu99t 

Address HIU.ROT 
Index 2104 

Register IPU 1 FIR generates an interrupt request when the 1 5-bit value in field IRFC is equal to the value 
in IPU I.FLC, field FC. 

IS 14 13 12 11 10 9 a 7 6 S 4 3 2 1 0 
FCE I iflFC 
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Bit # 


Access 


Reset 


Description 








on 


FCE 


Field Count Enable. 

0 Oisadte field count 

1 Enable field count 




14 0 


FVW 


on 


IRFC 


Interrupt Request Field Count. 





m 



4.3.2.6 IPU1 LRB: LUT RAM Base Address 



I/O Address 
Index 



HIU.RDT 
2200 



Register IPU 1_LRB preloads the 8-bit LUT RAM address counter and initializes the channel pointer to the 
YR channel. The channel pointer automatically advances to the next channel after each LUT RAM ac- 
cess, and address counter automatically increments after accessing the CrB channel LUT RAM elements 
are accessed in the following order: YR(LRB+0], CbG[LRB+OJ, CrB(LRB+01. YR(LRB+1], CbG(LRB+11, 
CrB(LRB+l]. etc. 



15 



14 



13 



12 



11 



10 



-7i: 


RSVO 


LRB 


hk-- 


Bit# 


Access Reset 


Oescription 






15.8 


R/W Oh 


RSVD Reserved (read as '01 


If? i 
lift 


70 


R/W Oh 


LRB LUT RAM Base Address. Specifies the 8-bit address generator pre- 
load value. (0-FFh) 



4.3.2.7 IPU1 LRD: LUT RAM Data 



I/O Address 
Index 



HIU RDT 
2201* 



Register IPU1_LR0 is the bidirectional data port to the storage elements of the three-channel LUT RAM. 



15 14 13 


12 


11 10 9 8 


7 6 5 4 3 2 1 0 


1 RSVD 


LRD 


Bit# Access 


Reset 


Description 




^5.8 R/W 


Oh 


RSVO Resen/ed (read as 0'). 


^0 F^'W 


on 


LRD LUT RAM Data, Data wntten to this field transfers to 'Jie current LLTT 
RAM element (R, G, B); data to be read from tne current LUT RAM 
element appears in this field. (0-FFh) 



'•^iy 1?93 



PReUUtNAf^Y DATA BOOK 




CL-PX2070 

SJSLftnHuetor Processor 



Semiconductor 

A ama Logic Company SSI^SSSZ: 

4.3^.8 IPUIJMCRf: IPU1 Master Control 

POSTED 

I/O Address HIU_RDT 

Index 3000 (IPU1_MCR1 : IPU1 Master Contn3l, Field 1) 

3100 (IPU1_MCR2: IPU1 Master Control. Raid 2) 

Registers IPU1_MCR1 and IPU1_MCR2 control the operation of the IPUl for fieids l and 2. 



IS 


u 


13 


12 


11 


10 


9 8 


7 6 S 4 3 -2 1 0 


FPS 


IM 


PSE 


CSCE 


LE 


YSP 


OCT 


OF IF 


Bit« 


Access 


ReMt 


Deseriptton 




15 


rvW 


0 


FPS 


FraU Polarity Select Controls the polarity of the field ID signal suppltod 
to the Window Qipping and XY Scaler. 

0 Normai polarity 

1 Invert polarity 




FVW 


0 


IM 




Interface Mode. Specifies tne input stream as interlaced or progres- 
sive-sean (nonnntenaced) data. 

0 Progressive-scan input 

1 Interlaced input 




R/W 


0 


PSE 


X Prescaier Enable. 

0 Bypass prescaier 

1 Enable O.Sx prescaier 


%= 


R/W 


0 


CSCE 


Color Space Converter Enable. 

0 Bypass Color Space Converter 

1 Enat)le Color Space Converter 


^yi^ — 


R/W 


0 


LE 




LUT Enable. 

0 Bypass LUT RAM 

1 Enable LUT RAM 


10 


RW 


0 


YSP 


Y Scaling Path. Enables or disables the special Y Scaling Path Mode. 

0 Enable IPUl Y scaling 

1 Disable IPUl Y scaling (ALU performs Y scaling) 


9:8 


RW 


00 


GOT 


Output Data Tag. Controls input selection of Input Tag Unit tag mux. 

00 Pass tag unchanged 

01 Set tag to field ID 

10 Set tag to inverse chroma key tag 

11 Set tag to chroma itey tag 


7:4 


R/W 


0000 


OF 




Output Data Stream Format 



0000 YCbCr 4:2:2 non-tagged data 

0001 YCt)Cr 4:22 tagged data 

1000 RGB 5:6:5 non-tagged data 

1 001 RGB 1 :5:S:5 tagged data 

1010 RGB 8:8:8 non-tagged data 

1 01 1 RGB 1 :8:8:8 tagged data 

1110 RGB 3:32 non-tagged data ATTniqn74 

XXXX All other configurations reserved 
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Bit # Access Reset Description 



3:0 R/W 0000 IF Input Data Stream Format. 

0000 YCt^Cr 4:2:2 non-tagged data 

0001 YCbCr 4:2:2 tagged data 
0010 YCbCr 4:1:1 non-tagged data 

1000 RGB 5:6:5 non-tagged data 

1001 RGB 1:5:5:5 tagged data 

1110 Pseudo color (indirect color mapping via iPUl LUT) 

XXXX All other configurations reserved 



4.3.2.9 IPUIJCBni: X Begin 
POSTED 

I/O Address HIU.RDT 

Index 300r(IPU1 XBFI : X Begin Fractioa Field 1) 3101 (IPU1_XBF2: X Begin Fraction, FieW 2) 

3002 (IPUiIxBIl: X Begin Integer, ReW 1) 3102 (IPU1_XBI2: X End Integer, ReW 2) 

Registers IPU 1 .XBnf specify the 1 1 .3 fomiat X begin value for fiefds 1 and 2. 



15 


14 13 12 11 10 


9376543210 




BF 


RSVO 




RSVO 


BI 


Blt# 


Access Reset Description 


IPU1_ 


XBFf: X Begin Fraction Index 




15:13 


RW Oh BF 


Begin X Column Fractional Index. Specifies the 3-ttt fractional portion 
of the 1 1 .3 format X tsegin value. Allows the virtual left txsundary of the 
post-scaled window to t)e aligned between pixels of the pre-scaled 
window for fields 1 and 2. (0-7h) 


12:0 


R/W Oh RSVD 


Resenred (read as O*). 


IPUI.XEIf: X Begin btteo^ index 


15:11 


R/W Oh RSVD 


Reserved (read as '0*). 


10:0 


R/W Oh Bi 


Begin X Column Integer Index. Specifies the 1 1 -bit integer portion of 
the 1 1 .3 fonnat X begin value- Defines the left boundary of the pre- 
scaling window for fiefds 1 and 2. All video to the left of this boundary 
is clipped and is riot used to generate the scaled window. (0-7FFh) 
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4.3^.10 IPU1_XEIf: X End 

POSTED 
I/O Address 
Index 



HIU_ROT 

3003 (IPU1 XQ1 : X End Integer. Field i) 
3103 (IPU1_XQ2: X End Integer. Field 2) 



Registers 1PU1_XE11 and IPU1_XEI2 apedfy the 1 1 -bit X end value for fields 1 and 2. 



IS 


U 13 12 


11 10 9 e 7 6 5 4 3 1 0 


1 


RSVO 


1 


Bit« 


Access Rssst 


DMcription 


15:11 


fVW Oh 


RSVD Reserved (read as 0'). 


10:0 


fVW Oh 


El X Efxl Column Integer Index, Specifies the 1 1 -bet X end value. (0- 
7FFh) 



m2.ll IPU1^XSnf:X Shrink 

^^ddress 
hitex 



HIU ROT 

3004 (IPU1 XSF1 :X Shrink Fraction, Field 1) 

3005 (IPU1 XS11 : X Shrink Integer. ReM 1) 

3104 (IPU1 XSF2: X Shrink Fractton, ReW 2) 

3105 (IPU1 XSI2: X Shrink Integer. ReU 2) 



leisters IPU1_XSnf specify the 6.10 format X shrinit value for fields 1 and 2. 



14 



13 



12 



11 



10 





RSVO 


RSVO 


Sl 



Bit* Access Reset Oesciiption 



IPU1 XSFf: X Shrink Fraction 



15:5 R/W Oh SF X Shrink Fractton. Speodes the iO-t)it fractional portion of the 6. 10 tor- 
mat X shrink value. (0-3FFh) 



4:0 



RW 



Oh 



RSVO Resented (read as 0'). 



IPUI.XSIf : X Shrink Integer 



15:6 R/W Oh RSVO Reserved (read as O*). 

5:0 R/W Oh SI X Shrink Integer. Speafies the 4-t)it integer portton of the 4,10 format X 



shrink value. (O-Fh) 

=====^=^== ATI019076 
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4.3.2.12 IPUI^YBnf: Y Begin 

POSTED 

I/O Address HIU.ROT 

Index 3006 (!PU1_YBF1 : Y Begin Fractioa Field 1) 3106 (IPU1_YBF2: Y Begin Fraction. Field 2) 

3007 (IPUiIybii : Y Begin Integer, Reld 1) 3107 {IPU1_YBI2: Y Begin Integer, Reki 2) 

Registers iPU1_YBnf specify the 1 1 .3 format Y begin value for fields 1 and 2. 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



BF 


RSVO 


RSVO 


81 



Bit# Access Reset Description 



IPUI.YBFf: Y Begin Fraction Index 



0^ 

m 


15:13 


fWV Oh 


BF 


Begin Y Row FractionaJ Index. Speofies the 3-b(t fractional pottion ot 
the 11 .3 format Y begin value. Allows the virtual top row of the post- 
sealed window to be aligned between rows of the pre-scaled window 
for fields 1 and2.(0-7h) 


H 


12:0 


R/W Oh 


RSVD 


Reserved (read as O"). 




IPU1_ 


YBIf: Y Begin lnt«g«r Index 




St 


15:11 


fVW Oh 


RSVD 


Resen/ed (read as 0"). 



R/W Oh 81 Begin Y Row Integer Index. Specifies the 11 -bit integer portion of the 

1 1.3 format Y begin value: Defines the top edge of the pre-scaling win 
dow for fields 1 and 2. All video above this bounda^r >s clipped and 
does not become part of the scaled window. (0-7FFh) 



4.3^.13 IPUIJfBUYEnd 
POSTED 

I/O Address HIU_RDT 

Index 3008 (IPUIJTSI : Y End Integer. ReW 1) 3108 (IPU1_YQ2: Y End Integer, ReW 2) 

Registers IPUI.YEH and IPU1_YEI2 specify the ti-bit Y end value for fields 1 and 2, 



15 


14 13 12 


It 10 9878543210 


1 


RSVD 


El 1 


8lt# 


Access Reset 


Description An.TniQn7 7 . 


15:11 


R/W Oh 


RSVO Resen/ed (read as D'). 


10:0 


R/W Oh 


El End Y Row Integer Index. Specifies the 1 1 -bit Y end value. (0-7FFh) 



July 1993 



PtteiMINABY DATA BOOK 



Semiconductor 

A amj» Logic Company 

4.3^.14 IPU1_YSnf: Y Shrink 

POSTED 

I/O Address HIU ROT 

Index 3009 (tPUI.YSFl: Y Shrink Fraction. ReWI) 3109 (IPUi_YSF2:Y Shrink Fractic :. ReW 2) 

300a (IPUl.YSII : Y Shrink Integer. Fiekj 1) 3l0a (IPU1_YSI2: Y Shrink Integer. FiekJ 2) 

Registers IPU l.YSnf specify the 4.10 format Y shrink value for fields 1 and 2. 



15 14 13 12 11 10 9 8 7 6 5 4 3 ^2 1 0 



SF 


R«ve 


RSVO 


SI 



Bit # Access R— t Description 



IPU1_YSFf; y Shrink Fraction 

R/W Oh SF YShrinkFractioaSpeafiesthe lO^tfractionalportionof the4.lOIOr* 

mat Y shrink value. (0-3FFh) 

si%] R/W Oh RSVO Re8eived(readas'0')- 



>lfe,YSII; Y Shrink mteger 

1^ R/W Oh RSVO Reseived (read as 'O'). 

&0 , R/W Oh SI Y Shrink Integer. Specifies the 4-bit integer portton of the 4.10 fonnatY 
' shrink value. (0-Fh) 



4^.r5 IPU1_KFa: K0y Function Cod» 

f^TEO 

Ui^ddress HIU.RDT 

Index 300b (IPUl.KFCI : Key Functkwi Code. ReU 1) 310b (IPU1.KFC2: Key Function Code. Rekl 2) 

Registers IPU1_KFC1 and IPU1.KFC2 specify the tag values used by the key function code multiplexers 
for fields 1 and 2 in the tag unit, altowing a match on any combination of YUV to trigger a tag. 



15 


14 13 


12 1110 9S76S432 10 


RSVO KEYFC 


Blt« 


Access 


Reset Oescfiption 


15:8 


FVW 


Oh RSVO Reserved (read as t}*}. 


7:0 




Oh KEYFC Key Function Code. Specifies eight l -bit input tag values used by the 
key function code multiplexers. (i - match, or within range.) (0-FFh) 

YUV YUV YUV YUV 
000-KEYFCO 010-KEYFC2 100-KEYFC4 110-KEYFC6 
001 • KEYFC1 01 1 « KEYFC3 1 01 - KEVFCS 1 1 1 - KEYFC7 
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4.3.2.16 IPUI^MMxf: Chroma Key Max/MIn 



^"-POSTED 
J/0 Address 
Index 



HIU.RDT 
300c (IPU1. 
300d (IPU1 
300e (IPU1. 
310c (IPU1 
310d(lPU1, 
310e (IPU1. 

Registers IPU 1 MMxf specify the maximum and minimum 8-bit chroma key comparator values used by 
the Input Tag Unit for fields 1 and 2, These values are used for each of three 8-bit input channels for both 
fields 1 and 2. 



MMY1 : Chroma Key Y/R Max/Min, Field 1) 
ImmUI : Chroma Key U/G Max/Min. Reld i ) 
2mmvi : Chroma Key V/8 Max/Min, Field 1) 
'mmY2: Chroma Key Y/R Max/Min. RekJ 2) 
"mMU2: Chroma Key U/G Max/Min, Reld 2) 
]mMV2: Chroma Key V/B Max/Min, ReW 2) 



15 



14 



13 



12 



11 



10 



YRMAX 


YRMIN 


UGMAX 


UGMIN 


VBMAX 


VSMtN 



Bit« Access Reset Description 



m 

to 

IT3 



tPUI.MMYf: Key Y/R Maximum/Minimum 



15:8 Oh 



YRMAX Key Y/R Maximum. Specifies the upper threshold for the 8-bit Y/R 
channel comparator (0-FRi) 



7:0 Oh YRMIN Key Y/R Minimum. Specifies the lower threshold for the 8-bit Y/R chan- 

nel channel comparator. (0-FFh) 



IPUI.MMUf: Key U/G Msximum/Minlmum 



15:8 RW Oh UGMAX Key U/Q Maximum. Spedlles the upper threshold for the 8-bit Cb/G 

channel comparat<y. (0-FFh) 

7:0 R/W Oh UGMIN Key U/G Minimum. Specifies the tower threshold fbr the 8-b(t Cb/G 

channel comparator. (0-FFh) 



IPUI.MMVf: Key V/B Maximum/Minimum 



1 5:8 RW Oh VBMAX Key V/8 Maximum. Specifies the upper threshold for the 8-bit Cr/B 

channel comparator. (0-FFh) 

7:0 R/W Oh VBMIN Key V/B Minimum, Specifies the lower threshold for the 8-bit Cr/B 

channel comparator, (0-FFh) ^ 



ATI019079 
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4.3.3 IPU2: Input Procassing Unit 2 

4.3.3.1 IPU2_PIX: Pfxti Count 

I/O Address HIU.ROT 
Index 2300 

Register IPU2_PIX Is a read-only register that specifies the current 1 1-bit pixel count 

IS 14 13 12 11 10 9 8 7 e 5 4 3 2 1 0 



RSVO 



PC 



Blt« Access Reset Description 



15:11 R Oh RSVD Resiarvetf (read as DO. 



10:0 R Oh PC Pixel Count cunwt line. Automaiicaily resets to D* at the beginning of 

each line. (0-7FFh) 

IPU2_UC: LUf Count 

i^Address HIU_ROT 
ri^x 2301 

llgister IPU2_LIC is a read-only register that specifies the current 1 1-bit lino count 

rfSs 14 13 12 11 10 9 8 7 e i * 9 2 ^ 0 



RSVO 



LC 



ii« Access Reset Description 



^11 R Oh RSVD Reserved (read as '0'). 



^ 31; [5 Line Count current field. Automaticatly resets to -O* at the beginning of 
each field. (0-7FFh) 

IPU2_FLC: FMd Count 

VO Address HIU_RDT 
Index 2302 

Read-only register IPU2_n.C returns the current 15-bit field count 

1S 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0 
I RSVO I PC I 

Blt» Access Reset Description 

15 R Oh RSVD Reserved (read as '0'). 

— - — ^ Feld count. "" ATI019080 
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4.3,3 A IPU2_UR: Une Count Interrupt Request 

I/O Address HIU.RDT 
Index 2303 

Register IPU2_L1R specifies an 1 1 -bit line count value that generates an inten-upt request when equal to 
the realtime line count value in register IPU2_UC. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



RSVO 



IRLC 



Blt# Access Reset Description 



15:1 1 R/W Oh RSVD Reserved (read as 'O"). 

10:0 R/W Oh IRLC Intemjpt Request Line Count. (0-7FFh) 



4.3^^ lPU2JFm: Fimld Count Intonvpt Request 

I/O Address HIU.ROT 
Index 2304 

Register IPU2_FIR specifies a 1 6-bit fiekl count value that generates an interrupt request when equal to 
the realtime field count value in register IPU2_FLC- 



15 14 13 12 11 10 9 8 7 e S 4 3 2 



1 1 








IRFC 1 


Blt« 


Access 


Reset 


Description 


15 


fVW 


0 


FCE 


Reld Count Enable. 

1 EnatJie field count 

0 Oisatjie field count 


14:0 


R/W 


Oh 


IRFC 


Intaoupt Request Reld Count 
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4.3 J.6 IPU2_MCRf: IPU2 Master Control 



CL-PX2070 

Digital Video Processor 



POSTED 
I/O Address 
Index 



HIU ROT 

3200 (IPU2 MCR1 : IPU2 Master Control. Field 1) 
3300 (IPU2_MCR2: IPU2 Master Control. ReW 2) 



Registers IPU2_MCR1 and IPU2_MCR2 control the operation of the IPU2. 



IS 


14 13 


12 


11 10 


9876543210 


1 FPS 1 


tM 1 PSE 


1 
1 




RSVO 1 


Bit« 


Access 


Reset 


Description 


15 


FVW 


Oh 


FPS 


Raw Polarity Select Controls the polarity of the field ID signal supplied 
to the XY Window aipping sutHjnit. 

0 NorniaJ polarity 

1 Invert polarity 




FVW 


Oh 


IM 


Intertace Mode, Specifies the input stream as interlaced or non-inter- 
laced (progressive-scan) data. 

0 Progressive-scan input 

1 Interiaced input 


s 


fVW 


Oh 


PSE 


Prescaler Enat)le. Enables or disables the operation of the Prescaler 

0 Bypass Prescaler 

1 Enable 0.5x Prescaler 




FVW 


Oh 


RSVO 


Resen/ed (read as 0*). 



13^.7 IPU2__XBIf: X Begin 



tf)STED 
^ Address 
index 



HIU_RDT 

3202 (IPU2_XBI1 : X Begin Integer. Reld 1) 
3302 (IPU2J(BI2: X Begin Integer. Rehj 2) 



Registers iPU2_XBI1 and IPU2_XBI2 specify the 1 1 -bit X begin value for fields 1 and 2. 



15 


14 13 12 


1110 9S76 54 3 2 1 0 




RSVO 


1 81 1 


Bit# 


Access Reset 


Description 


15:11 


Oh 


RSVD Resen/ed (read as 0'). 


10:0 


R/W Oh 


81 Begin X Column Integer Index. Specifies the 1 1 -bit integer portion of 
the 1 1 .0 fonnat X begin value. (0-7FFh) 



56 
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4.3.3.8 IPU2_XEI1: X End 

POSTED 

I/O Address HIU.RDT 

Index 3203 (lPU2_xai : X End Integer, Field 1) 

3303 (IPU2_XQ2: X End Integer. Field 2) 

Registers IPU2_XEI1 and IPU2_XEI2 specify the 1 1 -bit X end value for fields 1 and 2. 



15 


14 13 12 


11 10 9 a 7 6 


5 


4 


3 


2 


1 


0 


1 


RSVO 


1 


Ei 










1 


Bit# 


Access Reset 


Oesciiption 














15:11 


Oh 


RSVD Reserved (read as 01, 















10:0 FVW Oh El End X Column Integer Index. Specifies the 1 1 -bit X end value. (0- 
7FFh) 



4.3 lPU2_YBIt: Y Begin 

POSTED 

I/O Address HIU_RDT 

Index 3207 (IPU2_YBI1 : Y Begin Integer. Reid 1) 

3307 (IPU2_YBI2: Y Begin Integer. ReW 2) 

Registers IPU2_YBI1 and IPU2_YBI2 specify the 11 -bit Y begin value for fields 1 and 2. 



15 


14 13 12 


1110 9876 5 4 321 0 


1 


RSVd 




Bit# 


Access Resst 


DMciiptfon 


15:11 


Oh 


RSVO Reeefved (read as '01. 


10:0 


WW Oh 


Bl Begin Y Row Integer Index. Specifies the 11 -bit integer portion of the 
1 1 -ttt Y begin value. (0-7FFh) 
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4.3.3.10 IPU2_YEIf: Y End 
POSTED 

I/O Address HIU.ROT 

Index 3208 (I PU2_Y a 1 : Y End Integer. Field i ) 

3308 (lPU2_Ya2: Y End Integer. Field 2) 

Registers IPU2_YE11 and IPU2_YEI2 specify the 11 -bit Y end value for fields 1 and 2. 



15 


U 13 12 


11 


10 9876543210 


1 RSVO 


a 1 


Blt# 


Access Reset 


Oesciiption 


15:11 


FVW Oh 


RSVD Reserved (read as '0'), 


10:0 


FVW Oh 


El 


End Y Row Integer Index. Speofies the 1 1 -bit Y end value. (0-7FFh) 



SlU: Sequencer Instruction Unit 
1 SiU^MCR: SlU Master Control 

lyfivddress HIU.ROT 
iiljiex 2800 

Blister SlU.MCR controls the operation of the SlU for fields 1 and 2. 



ftiS 14 


13 


12 


11 10 9 8 7 6 5 


4 3 2 


1 


0 


©5 RSVO 




SE 


FT SI2 


sn 


- 1 5-,-* 

iif^ Access 


Reset 


Oescrtption 








t : 

lS^4 RW 


Oh 


RSVD Resen/ed (read as I}"}. 








13:12 R/W 


00 


SE Sequencer Enable. Enables the operation of the SlU. 
00 SKJ disabled 

10 SlU enabled, start on SI1 

1 1 SlU enabled, start on SI2 







11:10 R/W 00 FT Reld Toggle. Specifies the field toggle mode and the association of the 

start index values to a field. 

00 No field toggle 

01 SI1 and St2 toggle on vertical sync; no field association 

1 0 Reld 1 associated to S1 1 . fields 1 and 2 toggle on vertical sync 
1 1 Field 1 associated to SI2, fields i and 2 toggle on vertical sync 

9:5 R/W Oh SI2 Start Index 2. Specifies the 5-bit sequencer instruction Start Index Z 
(0-1 Fh) 

4:0 R/W Oh sn Start Index i , Speaf les the 5-bit sequencer instnjction Start Index 1 . 
(0-1 Fh) 

= ATI019084 



pmeLmiNARY data book 



July 1993 



CL-PX2070 

DigUal Video Processor 



4.3.4.2 SIU_FCS: FIFO Control/Status 



Pixel 

Semiconductor 

A Cirrus Lo^ Company 



1 0 Address 
!-^dex 



HIU.RDT 
2801 



Register SlU^FCS is a special read/write register that provides realtime access to the full and empty flags 
from FIFOs A-G. All flags are active high. 



15 14 


13 


12 


11 


10 


9 


d 


7 


6 


5 


4 


3 


2 


1 


0 


! PISVD 


FGP 


FGE 


FFF 


FFE 


FEF 


FEE 


PDF 


FOE 


FCF 


FCE 


FBF 


FBE 


FAF 


FAE 



Bit # Access Reset Description 



15:14 


R/W 


Oh 


RSVD 


Reserved (read as '0"). 


■13 


R 


Oh 


FGF 


FIFO G Full Flag 


12 


R/W 


Oh 


FGE 


FIFO G Empty Flag 


11 


R 


Oh 


FFF 


FIFO F Full Flag 


10 


R/W 


Oh 


FFE 


FIFO F Empty Rag 


9 


R 


Oh 


FEF 


FIFO E Full nag 


8 


RW 


Oh 


FEE 


FIFO E Empty Rag 


7 


R 


Oh 


FOF 


FIFO D Full Rag 


6 


RAW 


Oh 


FOE 


FIFO D Empty Rag 


5 


R 


Oh 


FCF 


FIFO C Full Rag 


4 


RAW 


Oh 


FCE 


FIFO C Empty Rag 


3 


R 


Oh 


FBF 


FIFO B Full Rag 


2 


R/W 


Oh 


FBE 


FIFO B Empty Rag 


1 


R 


Oh 


FAF 


FIFO A Full Rag 


0 


fWf 


Oh 


FAE 


FIFO A Empty Rag 



For all FIFO Full flags (odd bits 1 3:1): 

0 Enables FIFO 

1 Resets FIFO 



For ail FIFO Empty flags 

(even bits 12:0): 

1 FIFO is empty 
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4.3.4.3 SIU_FOU: FIFO Overflow/Underflow 



I/O Address 
Index 



HIU.ROT 
2802 



Register SlU.FOU is a read-only register that provides realtime access to the overflow and underflow 
flags from FIFOs A-G. 



15 



14 



13 



12 



11 



10 



FFO I FRJ I FEO I FEU I FDO I FDUl FCO I FCUl FBO I PBU I FAG I PAU 



Blt# 


Access 


Reset 


Description 




15:14 


R 


Oh 


RSVO 


Reserved (read as O*). 




13 


R 


Oh 


FGO 


RFO G Overflow Fiag 




12 




R 


Oh 


FQU 


RFO G Underflow Rag 






R 


Oh 


FFO 


RFO F Overflow Rag 




1^ 


R 


Oh 


FFU 


RFO F Underflow Rag 


For ail RFO Overflow flags 


9 si 


R 


Oh 


FEO 


RFO E Overflow Rag 


(odd bHs 13:1): 

0 Resets RFO 




R 


Oh 


FEU 


RFO E Underflow Rag 


1 RFO overflow 




R 


Oh 


FOO 


RFO D Overflow Rag 






R 


Oh 


FOU 


RFO 0 Underflow Fiag 




rg — 


R 


Oh 


FCO 


RFO C Overflow Rag 




4 III 


R 


Oh 


FCU 


RFO C Underflow Flag 


— For all RFO Underflow flags 
(even bits 12:0): 


7m— 


R 


Oh 


FBO 


RFO B Overflow Rag 


0 Resets RFO 

1 RFO underflow 




R 


Oh 


FBU 


RFO B Underflow Rag 




> 


R 


Oh 


FAO 


RFO A Overflow Rag 




0 


R 


Oh 


FAU 


RFO A Underflow Rag 
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4.3.4.4 StUs_SlM: Sequencer Instruction Memory 



I/O Address 
Index 



HIU.RDT 
2e00 (SlUO.SIM) 
2e01 (S1U1_SIM) 
2e02 (SIU2_SIM) 
2e03 (SIU3 SIM) 
2e04 {SIU4_SIM) 
2e05 (SIU5_SIM) 
2e06 (SIU6_SIM) 
2e07 (SIU7_SIM) 



2e08 (SIU8_SIM) 
2e09 (SIU9_SIM) 
2e0a (SIU1 O.SIM) 
2e0d (SIU1 1_SIM) 
2e0c (SIU12_SIM) 
2eOd(SIU13_SIM) 
2eOe (SlUU.SIM) 
2eOf (SIU15_SIM) 



m>3 



2e10 (SIU16_SIM) 
2e11 (SIU17_SIM) 
2e12(SIUl8_SIM) 
2e13(SIUl9_SIM) 
2814(SIU20_SIM) 
2815(SIU21_SIM) 
2e16(SIU22_SIM) 
2817(SIU23_SIM) 



Pixel 

Semiconductor 
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2e18 (SIU24_SIM) 
2e19 (SIU2S SIM) 
28la(SIU26_SIM) 
2e1b(SIU27_SIM) 
2elC(SIU28_SIM) 
2e1d (S1U29_SIM) 
2ele(StU30_SIM) 
2elf (StU3l3lM) 



The 32 identical registers SIUs_SiM store the instruction sequence for fields 1 and 2. 



15 U 13 12 11 10 9 8 7 6 S 4 3 2 1 0 



RSVO 


OTN 


EP 


FA 


OBA 



Bit # Access Reset Description 



15:14 


FVW 


Oh 


RSVO 


Reserved (read as 'O')- 


13:9 


FVW 


Oh 


OTN 


Offset to Next Instnjction. Specifies the signed. 5-Cit displacement to 
the next instruction to execute. (0-1 Fh) 


8 


FVW 


0 


EP 


Exit Point. Identifies the current instruction as the exit point when the 



field toggle condition is detected. 

0 Normal fall-through instruction 

1 Exit point instnjction 



7:4 R/W 0000 FA RFO Association. Associates a FIFO with the current instruction. 

0000 FIFOG 

0001 RFO F 

0010 RFOE 

0011 RFOA 

0100 RFOB 

0101 RFO C 
0110 RFOO 

XXXX All other configurations reserved 

3:0 R/W 0000 OBA Object Buffer Association. Associates an object tsuffer with the current 

Instruction (see field FA). 

0000 Ot}ject txjffer 0 

0001 Object buffer 1 

0010 Object buffer 2 

0011 Object buffer 3 

0100 Object buffer 4 

0101 Object buffer S 

0110 Object buffer 6 

01 1 1 Object buffer 7 
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4.3.4.5 StU_FAR: FIFO Auto Reset 

I/O Address HIU_RDT 
index 4001 



Register SIU_FAR controls whether SlU FIFOs F and G are automatically reset (cleared) or me vertical 
sync from the video source designated as master in register VIU^WDT. bit MFTS, 



15 U 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



RSVO 


FGR 


FFR 


RSVO 



Bit # Access Reset Description 



15:7 


R/W 


Oh 


RSVD 


Reserved (read as "O'). 


6 


R/W 


0 


FGR 


RFO G Reset Reset RFO G on the vertical sync master in register 
VIU.WDT. bit MFTS. 

0 no auto reset 

1 clear RFO G on vertical sync. 


rm — 


fVW 


0 


FFR 


RFO F Reset Reset RFO F on the vertical sync master in register 
VIU.WOT. bit MFTS. 

0 no auto reset 

1 dear RFO F on vertical sync. 






Oh 


RSVD 


Reserved (read as '0'). 



4ii.5 ALU: Arithmetic and Logic Unit 
€4-5. 1 ALU MCRf: ALU Master Control 

l?S:Address HIU_RDT 

l^x 2900 (ALU_MCR1 : ALU Master Control. ReW 1 ) 

t 2901 (ALU_MCR2: ALU Master Control. RekJ 2) 

Registers ALU_MCR1 and ALU_MCR2 specify the ALU operating mode for fields 1 and 2. 



15 


14 13 


12 


11 10 


9 


a 7 


6 5 


4 3 


2 


1 


0 


GSM 


TF 


AOP 


YOUT 


UOUT 


VOUT 


ORGS 


OPBS 


CPAS 



Bit# Access Reset Description 



1 5 R/W 00 GBM Three-operand Bit Mask selecting tag source. 

0 Bit per t)it mask — tM n in FIFO C will mask bit n of the pixel 
currently operated on (from RFO A or B) by the ALU 

1 Bit per pixel mask — bit n in FIFO C will mask pixel n from FIFO 
AorB 
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Bit# Access Reset Description 



14:13 R/W 0000 TF Tag Format. Specifies both the input and output stream tag formats. 

00 No tag 

01 Tagged 4:2:2 YCbCr data 

10 Tagged 5:5:5 RGB data 

1 1 Tagged 8:8:8 RGB data 

12:9 R/W 00 AOP Arithmetic Operation Select. 

0000 Alpha mix using alpha register (dA > (1 -d)B) 

0001 Alpha mix using operand C (cA ^ (1-C)B) 

0010 Operand A ^ Operand B 

001 1 Operand A - Operand B 

01 00 (Operartd A • Operand B) / 2 

01 01 Reconstruct field from operarvjs A and 8 

01 1 0 Four frame interpolate from operands A and B 

XXXX All other configurations are reserved; results are unpredictable 

8^7 RW 00 YOUT Y Output Source Selea 

00 Source output from logical unit 

01 Source output from arithmetic unit 

1 0 Source output based on control tag 

1 1 Enable arithmetic out based on tag 

6:5 R/W 00 UOUT U Output Source Select. 

00 Source output from logical unit 

01 Source output from arithmetic unit 

10 Source output based on control tag 

1 1 Enable arithmetic out based on tag 



4:3 



R/W 



VOUT V output Source Select. 

00 Source output from logical unit 

01 Source output from arithmetic unit 

10 Source output based on control tag 

1 1 Enable arithmetic out based on tag 



2 R/W 0 OPCS Operand C Source Select. 

0 Operand sourced from constant register 

1 Operand sourced from FIFO 



1 


R/W 


0 


0P6S Operand B Source Select 

0 Operand sourced from constant register 

1 Operand sourced from FIFO 


0 


R/W 


0 


OPAS Operand A Source Select 

0 Operand sourced from constant register 

1 Operand sourced from FIFO 
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4.J.5^ ALU^TOP: Tag Operation 

I/O Address HIU.RDT 
Index 2902 

Register ALU_TOP specifies the control and output tag multiplexer operation codes. 



IS 


U 13 


12 


11 10 9 8 


7 6 


5 


4 3 


2 


1 


0 


CTC 


CTC 


Blt# 


Access 


Reset 


Oescfiption 














15:8 




Oh 


CTC Control Tag Code- (O-FFh) 












7:0 


R/W 


Oh 


CTC Output Tag Code, (O-FFh) 













4.3^.3 ALU_AV: Alpha Value 



Iress HIU.ROT 
Irj^ 2903 

R'^ster ALU_AV specifies the alpha mix constant. 





U 13 


12 11 10 9 8 


7 6 


5 


4 3 


2 


1 


0 






RSVO 


AV 




Access 


Reset Description 














J i?rn — 




Oh RSVD Reserved (read as 'O. 














RW 


Oh AV Alpha Value. (0*FFh) 
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4.3.5.4 ALUJLOPx: Logic Operation 

l/p /fitiCress H1U_RDT 

Index 2904 (ALU^LOPY: Logic Operation Channel Y) 

2905 (ALU.LOPU: Logic Operation Channel U) 

2906 (ALU.LOPV: Logic Operation Channel V) 

Registers ALU_LOPY. ALU^LOPU, and ALU^LOPV specify the constant values for logical multiplexers 
A, B, and C, respectively. 



15 


14 13 


12 


11 10 9 8 7 6 5 


4 


3 


2 


1 


0 


MLOP 


Bit# 


Access 


Reset 


Description 












15:0 


WW 


Oh 


MLOP Multiplexor Logical Operation. 













s s a; J 
life 

% 



S 4.3.5.5 ALU CAx: CcnstMt A 



I/O Address HIU.RDT 

Index 2907 (ALU.CAY: Constant A, Channel Y) 

2908 (ALU.CAU: Constant A, Channel U) 

2909 (ALU^CAV: Constant A. Channel V) 

15 See also: ALU.MCRf : ALU Master Control, p. 62 



Registers ALU_CAY, ALU_CAU, and ALU.CAV specify the constant values for Operand A, based on the 
value of register ALU_MCRf. field OPAS. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



RSVO 


CON 


RSVO 


TAG 


CON 



Bit# Access Reset Description 



15:9 RW Oh RSVO Reserved (read as O. 



a RW Oh TAG Tag. (ALU.CAU and ALU.CAV only) Specifies the constant tag bit to 

insert in the input stream. (0-1 h) 

7:0 R/W Oh CON Constant. Specifies the constant 8-bit value to use in place of the real- 
time input stream channel for operand A. (O-FFh) 
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4.3.5.6 ALU^CBx: Constant B 

I/O Address HIU_RDT 

Index 290a (ALU.CBY:' Constant B. Channel Y) 

290b (ALU.CBU: Constant B. Channel U) 
290c (ALU.CBV: Constant B, Channel V) 



See also: 



ALU.MCRf : ALU Master Control, p. 62 



Registers ALU.CBY. ALU_CBU. and ALU_C8V specify the constant values for Operand B, based on the 
value of register ALU.MCRf, field OPBS. 



15 



14 



13 



12 



11 



10 



RSVD 


CON 


flSVO 


TAG 


CON 



Bit # Access Reset Description 



RAV 



Oh 



RSVD Resen/ed (read as '0'). 



8UJ R/W Oh TAG Tag. (ALU.CBU and ALU^CBV oniy) Specifies the constant tag brt to 

insert in the input stream. (0-1 h) 

7|i^ R/W Oh CON Constant. Specifies the constant 8-drt value to use in place of the real- 
^fp time Input stream channel for operand B. {O-FFh) 



^,5 J ALUjCCx: Constant C 



iMAddress 



also: 



HIU.ROT 

290d (ALU_CCY. Constant C. Channel Y) 
290e <ALU_CCU: Constant C. Channel U) 
290f (ALU_CCV: Constant C. Channel V) 

ALU.MCRf : ALU Master Control, p. 62 



Registers ALU_CCY, ALU_CCU, and ALU_CCV specify the constant values for Operand C. based on (he 
value of register ALU.MCRf, field OPCS. 



IS 



u 



13 



12 



11 



10 



RSVD 


CON 


RSVO 


TAG 


CON 



Blt« Access Reset Oesciiption 



15:9 



Oh 



RSVD Resented (read as '0'). 



R/W Oh TAG Tag. (ALU.CCU and ALU.CCV only) Specifies the constant tag bit to 

insert in the input stream. (0-1 h) 



ATI019092 



PneiMIHARY DATA BOOK 



■ July 1993 



CL-PX2070 

Digital Video Processor Sl-^ P^*®' 

Semiconductor 



A Cirrus Logic Company 



Bit # Access Reset Description 



7:0 R/W Oh CON Constant. Specifies the constant 8-t)it value to use in place of the real- 
time input stream channel for operand C. (0-FFh) 



4.3.6 OPU: Output Processing Unit 

4.3.6. 1 OPU_MCRf: OPU Master Control 

POSTED 

I/O Address HIU_RDT 

Index 2aod {OPU_MCRi : OPU Master Control. Field 2b00 (0PU_MCR2: OPU Master Control FeW 

1) 2) 

Registers 0PU_MCR1 and 0PU_MCR2 control the operation of the OPU for fields 1 and 2. 



15 


14 


13 


12 11 


10 


9 


8 


7 6 


5 


4 


3 


2 1 


0 


FPS 


IM 


ZE 


RSVO 


LSM 


RSVD 


IF 



Bit# 


Access 


Reset 


Oescriptton 


15 


FVW 


0 


FPS 


Rekj Polarity Select Controls the polarity of the field 10 signal supplied 
to the OPU Window Clipping Unit 

0 NormaJ polarity 

1 Invert polarity 


14 


FIW 


0 


IM 


tnteriace Mode. Specifies the input stream as interlaced or non-inter- 
laced data. 

0 Progressive scan input 

1 Interfaced input 


13 


R/W 


0 


ZE 


Zoom Enable* Enables or disables the operation of the 2:1 X zoom 
sutxjnit Only affects source ot}ject size. 

0 Oisat)le zoom 

1 Enable 2X zoom 


12:11 


FVW 


Oh 


FISVD 


Reserved (read as ^O*). 


10 


FVW 


0 


LSM 


Line Start Mode. 

0 Active tine starts on horizontal blank inactive 

1 Active line starts on horizontal sync inactive 
(VSU.HAD must - VSU_HSW+3 in loopback mode.) 



9:4 R/W Oh RSVD Resen/ed (read as '0*). 



3:0 R/W 0000 IF Input Data Format Speafies the format of the input data stream. 

0000 YCbCr 4:2:2 non-tagged data 

0001 YCbCr 4:2:2 tagged data a t t n . « ^ 

1000 RGB 5:6:5 non-tagged data '^^i 019093 

1001 RGB 5:5:5 tagged data 
1 1 10 RGB 3:3:2 non-tagged data (non-zoom mode only) 
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4.3.6.2 0PU_XBI1:X Begin 

POSTED 

I/O Address HIU_ROT 

index 2a02 (0PU_XBI1 : X Begin Integer. Field i ) 

2b02 (0PU_XBI2: X Begin Integer, Field 2) 

Registers 0PU_XBI1 and 0PU_XBI2 specify the 1 1 -bit X begin value for fields 1 and 2. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



RSVO 



SI 



Bit# Access Reset Description 



15:11 R/W Oh RSVD Reserved (read as '0*). 

1 0:0 R/W Oh Bl Begin X Column Integer Index. Specifies ttie 1 1 -bit integer portion of 

the 1 1 -bit X begin value. (0-7FFh) 

|1.6.3 OPU_XEIf: X End 

F^TEO 

f/pAddress H1U_R0T 

2a03 (OPU.X Ell : X End Integer. Reid 1 ) 
=5 2b03 (OPU_X EI2: X End Integer. Reld 2) 

(jfiigisters OPU.XEil and 0PU_XEI2 specify the 11 -bit X end value for fields 1 and 2. 



[3^ 14 13 12 11 10 9 7 6 S 4 3 2 1 0 



r|ii RSVD 


El 




Access Reset 


Description 


15:11 


R/W Oh 


RSVD Reserved (read as 'O')- 


10:0 


R/W Oh 


El 


End X Column Integer Index. Specifies the 1 1 -bit X end value. (0- 
TFFh) 
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4.3.6.4 OPU_ YBIf: Y Begin 

POSTED 

I/O Address HIU.RDT 

Index 2a07 (OPU.YBIl : Y Begin Integer. Field i) 

2b07 (0PU_YBI2: Y Begin Integer. Field 2) 

Registers 0PU_YBI1 and 0PU_YBI2 specify the 11 -bit Y begin value for fields 1 and 2. 



15 


U 13 


12 


11 10 9876543210 




RSVO 




Bl 


Bit« 


Access 


Reset 


Description 


15:11 


R/W 


Oh 


RSVD Reserved (read as 0"). 


10:0 


R/W 


on 


Bl Begin Y Row Integer Index. Specifies the 1 1 -bit integer ponion of the 
11 -bit Y begin value. (0-7FFh) 



1^ 



m 



^ 4.3.6.5 OPU_YElf: Y End 

1$ POSTED 

I/O Address HIU_RDT 
p Index 2a08 (0PU_YEI1 : Y End Integer. Field 1) 

2b08 (0PU_YEI2: Y End integer, Field 2) 



Registers 0PU_YE11 and 0PU_YEI2 specify the 1 1-bit Y end value for fields 1 and 2. 



15 


14 13 12 


11 10 9876543210 




RSVD 


1 


Bit# 


Access Reset 


Description 


15:11 


RW Oh 


RSVO Resen/ed (read as *01. 


10:0 


RW Oh 


El End Y Row Integer Index. Specifies the 1 1 -bit Y end value. (0-7FFh) 



ATI019095 



July 1993 PRBUUINARY DA TA BOOK 



Pixel 

Semiconductor 

A Cirrus Logic Company 



CL'PX2070 

Digital Video Processor 



4.3.7 RFU: Reference Frame Unit 



Name 


Index 


Definition 


Posted? 


Ref, ^ ictlon 


MMU: Memory Management Unit 


MMU_MCR 


4000 


MMU Master Control 


POSTED 


4.?.S.1,p. 73 


OBU: Object Buffer Unit 






4.3.9, p. 74 


UoUU_MUn 


4oUU 


Object Buffer 0 Master Controi 


POSTED 


4.3.9.1. p. 74 


r\ot irt Dcv 
vJDUU_nrA 




Object Buffer 0 Reference Frame X Size 


POSTED 


4.3.9.2, p. 75 


r\Q\ in 1 CI 




Object Buffer 0 Linear Stan Address Low 


POSTED 


4.3.10. p. 76 


r\Q\ in t 




Object Buffer 0 Linear Start Address High 


POSTED 


4.3.10. p. 76 


uapo^DOA 


A Q^A 


Object Buffer 0 X Size 


POSTED 


4.3.10.1, p. 77 


— 


A OAC 


Object Buffer 0 Y Size 


POSTED 


4.3.10.1, p. 77 




4oOD 


Object Buffer 0 Decimate Control 


POSTED 


4.3.10.2. p. 78 


Oaipl_MCR 




4810 


Object Buffer i Master Control 


POSTED 


4.3.9.1, p. 74 




4a 1 1 


Object Buffer 1 Reference Frame X Size 


POSTED 


4.3.9.2. p. 75 


rsai^ 1 CI 
Uocn _LoL 


4o 12 


Objea Buffer 1 Linear Start Address Low 


POSTED 


4.3.1 0. p. 76 


r cu 


4ol 3 


Object Buffer i Linear Start Address High 


POSTED 


4.3.10. p. 76 


woU^l __DoA 


1 *♦ 


Object Buffer 1 X Size 


POSTED 


4.3.10.1. p. 77 


0^_BSY 


4815 


Object Buffer i Y Stze 


POSTED 


4.3.10.1. p. 77 


Og^ DEC 

&~ 


4816 


Object Buffer i Decimate Control 


POSTED 


4.3.10.2. p. 78 


0BU2_MCR 


4820 


Object Buffer 2 Master Controi 


POSTED 


4.3.9.1. p. 74 


0BU2_RFX 


4821 


Object Buffer 2 Reference Frame X Size 


POSTED 


4.3.9A p. 75 


0BU2_LSL 


4822 


Object Buffer 2 Linear Start Address Low 


POSTED 


4.3.10. p. 76 


0BU2_LSH 


4823 


Object Buffer 2 Linear Start Address High 


POSTED 


4.3.10. p. 76 


0BU2_BSX 


4824 


Object Buffer 2 X Size 


POSTED 


4.3.10.1. p. 77 , 


06U2_BSY 


4825 


Object Buffer 2 Y Size 


POSTED 


4.3.10.1. p. 77 


0BU2_DEC 


4826 


Object Buffer 2 Deomate Control 


POSTED 


4.3.10.2. p. 78 


0BU3_MCR 


4830 


Object Buffer 3 Master Control 


POSTED 


4.3.9.1. p. 74 


0BU3_RFX 


4831 


Object Buffer 3 Reference Frame X Size 


POSTED 


4.3.9Z p. 75 


0BU3_LSL 


4832 


Object Buffer 3 Linear Start Address Low 


POSTED 


4.3.10. p. 76 


0BU3_LSH 


4833 


Object Buffer 3 Linear Start Address High 


POSTED 


4.3.10. p. 76 
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4.3,7 RFU: Reference Frame Unit (cent) 



Pixel 
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ffl 



m 



S 



Name 


Index 


Definition 


Posted? 


Ref. Section 


0BU3. 


_BSX 


4834 


Object Buffer 3 X Size 


POSTED 


4.3.10.1. p. 77 


0BU3. 


_BSY 


4835 


Object Buffer 3 Y Size 


POSTED 


4.3.10.1, p. 77 


0BU3. 


_DEC 


4836 


Object Buffer 3 Decimate Control 


POSTED 


4.3.102. p. 78 


0BU4 


_MCR 


4840 


Object Buffer 4 Master Control 


POSTED 


4.3.9.1, p. 74 


0BU4 


_RFX 


4841 


Object Buffer 4 Reference Frame X Size 


POSTED 


4.3.92. p. 75 


0BU4 


_LSL 


4842 


Object Buffer 4 Linear Start Address Low 


POSTED 


4.3 10 □ 76 


0BU4. 


_LSH 


4843 


Object Buffer 4 Linear Start Address IHigh 


POSTED 


4,3.10 0 76 


0BU4. 


_BSX 


4844 


Object Buffer 4 X Size 


POSTED 


4,3.10.1. p. 77 


0BU4. 


.BSY 


4845 


Object Buffer 4 Y Size 


POSTED 


4.3.10.1. p, 77 


0BU4. 


.DEC 


4846 


Object Buffer 4 Decimate Control 


POSTED 


4.3.10.2, p. 78 


0BU5. 


.MCR 


4850 


Object Buffer 5 Master Control 


POSTED 


4,3.9.1. p. 74 


0BU5. 


.RFX 


4851 


Object Buffer 5 Reference Frame X Size 


POSTED 


4.3.9.2, p. 75 


0BU5. 


.LSL 


4852 


Object Buffer 5 Linear Start Address Low 


POSTED 


4.3.10. p. 76 


0BU5. 


.LSH 


4853 


Object Buffer 5 Linear Start Address High 


POSTED 


4.3.10. p. 76 


0BU5. 


.BSX 


4854 


Obiect Buffer 5 X Size 


POSTED 


4 3 101 D 77 


0BU5. 


.BSY 


4855 


Obiect Buffer 5 Y Size 


POSTED 


4 3.10.1. D. 77 


0BU5. 


.DEC 


4856 


Obiect Buffer 5 Decimate Control 


POSTED 


4 3.10.2. 0. 78 


0BU6. 


.MCR 


4860 


Object Buffer 6 Mastar Control 


POSTED 


4 3 9 1 D. 74 


0BU6. 


.RFX 


4861 


Object Buffer 6 Reference Frame X Size 


POSTED 


4.3,9Z p. 75 


0BU6. 


LSL 


4862 


Object Buffer 6 Linear Start Address Low 


POSTED 


4.3.10. p. 76 


0BU6. 


.LSH 


4863 


Object Buffer 6 Linear Start Address High 


POSTED 


4.3.10, p. 76 


0BU6_ 


.BSX 


4864 




POSTED 


4 3 10 1 D 77 


0BU6_ 


.BSY 


4865 


Object Buffer 6 Y Size 


POSTED 


4.3.10.1. p. 77 


0BU6_ 


DEC 


4866 


Object Buffer 6 Decimate Control 


POSTED 


4.3.102. p. 78 


0BU7_ 


MCR 


4870 


Object Buffer 7 Master Control 


POSTED 


4.3.9.1, p. 74 


0BU7_ 


RFX 


4871 


Object Buffer 7 Reference Frame X Size 


POSTED 


4.3.92. p. 75 


0BU7_ 


LSL 


4872 


Object Buffer 7 Linear Start Address Low 


POSTED 


4.3.10, p, 76 


0BU7_LSH 


4873 


Object Buffer 7 Linear Start Address High 


POSTED 


4.3.10. p. 76 


08U7_ 


BSX 


4874 


Object Buffer 7 X Size 


POSTED 


4.3.10.1. p. 77 
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4.3.7 RFU: Reference Frame Unit (cxsnt.) 








Name 


Index 


Definition 


Posted? 


Ref. Section 


0BU7_BSY 


4875 


Object Buffer 7 Y Size 


rUo 1 tU 


4.3.10.1. p. • 


0BU7_0EC 


4876 


Object Buffer 7 Deamate Control 




4.3.10.2. c ;8 


OWU: Display Window Unit 




POSTED 


4.3.1' 


l.p.78 


DWU_MCR 


4100 


Display Window Master Control 


POSTED 


A T 1 
*t.O. 1 


1 1 n 7fl 


DWU_HCR 


4101 


Display Window Horizontal Control 


POSTED 


A. 1 ^ 


i O n fin 


OWUO.DZF 


4400 


Display Window 0 Zoom Factor 


POSTED 


A t i 


1.3, p, Ol 


OWUO.RFX 


4-401 


Display Window 0 Reference Frame X Size 


POSTED 


A 1 ^ 
J. 1 


1 .4, p, 01 


(^UO_LSL 


4402 


Display Window 0 LSA Low 


POSTED 


4.0. 1 


1 .3, p. o2 


1^ 


i/UO_LSH 


4403 


Display Window 0 LSA High 


POSTED 




1 .0, p. a£ 


(^UO WSX 

-M H,.... — 


4404 


Display Window 0 X Size 


POSTED 


A t ^ 


1 A n AO ' 


(^UO WSY 


4405 


Display Window 0 Y Size 


POSTED 


A t ^ 


1 .D, p. 




/UO_DSX 


4406 


Display Window 0 X Start 


POSTED 


i4 0 i 
4. J.l 


1 . / , p. 00 


dWUO_DSY 


4407 


Display Window 0 Y Start 


POSTED 




p. o3 




/U1_DZF 


4410 


Display Window 1 Zoom Factor 


POSTED 


4.3.1 


1.3, p. Ol 


C#U1_RFX 


4411 


Display Window i Reference Frame X Size POSTED 


A 1 i 


1 .4, p. 0 1 




OJI.LSL 




Display Window 1 LSA Low 


POSTED 


4. J. 1 


1 p. O^ 


I#U1_LSH 

. iff- 


4413 


Display Window 1 LSA High 


POSTED 


All" 


1 p* o« 


M 


i^ui_wsx 


4414 


Display Window 1 X Size 


POSTED 


4.3.r 


1.6, p. 82 


DWU1_WSY 


4415 


Display Window 1 Y Size 


POSTED 


4.3.1 ' 


1.6, p. 82 


DWU1_DSX 


4416 


Display Window 1 X Start 


POSTED 


4.3.1' 


1.7. p. 83 


DWU1_DSY 


4417 


Display Window 1 Y Stan 


POSTED 


4.3.1 


1.7. p. 83 


DWU2_DZF 


4420 


Display Window 2 Zoom Factor 


POSTED 


4.3.r 


l.3,p,81 


0WU2_RFX 


4421 


Display Window 2 Reference Frame X Size POSTED 


4.3.1' 


1.4. p, 81 


DWU2_LSL 


4422 


Display Window 2 LSA Low 


POSTED 


4.3.1- 


L5, p. 82 


DWU2_LSH 


4423 


Display Window 2 LSA High 


PO?"ED 


4.3.1' 


1.5. p. 82 


bWU2_WSX 


4424 


Display Window 2 X Size 


POSTED 


4.3.1' 


1.6. p. 82 


DWU2_WSY 


4425 


Display Window 2 Y Size 


POSTED 


4.3.1 


1.6. p. 82 


DWU2_DSX 


4426 


Display Window 2 X Start 


POSTED 


4.3.1 


1.7, p, 83 
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4.3,7 HFU: Reference Frame Unit (coat.) 



Name 




Index 


Definition 


Posted? 


Ref. Section 


0WU2. 


.DSY 


4427 


Display Window 2 Y Start 


POSTED 


4.3.11.7. p. 83 


DWU3. 


.DZF 


4430 


Display Window 3 Zoom Factor 


POSTED 


4.3.11 .3. p. 81 


DWU3. 


.RFX 


4431 


Display Window 3 Reference Frame X Size POSTED 


4.3.1 1.4. p. 81 


DWU3. 


_LSL 


4432 


Display Window 3 LSA Low 


POSTED 


4.3.1 1.5. p. 82 


DWU3. 


.LSH 


4433 


Display Window 3 LSA High 


POSTED 


4.3.1 1.5. p. 82 


DWU3. 


.WSX 


4434 


Display Window 3 X Size 


POSTED 


4.3.11.6. p. 82 


DWU3. 


.WSY 


4435 


Display Window 3 Y Size 


POSTED 


4.3.1 1.6. p. 82 


DWU3. 


.DSX 


4436 


Display Window 3 X Start 


POSTED 


4.3.11 .7. p. 83 


DWU3. 


.DSY 


4437 


Display Window 3 Y Start 


POSTED 


4.3.1 1.7. p. 83 



4.3.8 MMU: Memory Management Unit 
4.3.8.1 MMU MCR: MMU Master Control 



I/O Address 
Index 



HIU_RDT 
4000 



Register MMU_MCR specifies the characteristics of the frame buffer used by the DVP. 



15 


U 13 


12 


11 10 9 8 7 6 S 


4 


3 


2 1 


0 


RSVO 


FBO 


FBC 


Blt# 


Access 


Reset 


Description 










15:5 


FVW 


Oh 


RSVO Reserved (read as 0*). 










4 


FVW 


0 


FBO Frame Buffer Data Bus Width. 

0 l6-t)it 

1 32-bit 











3:0 R/W 0000 FBC Frame Buffer Memory Device Address Configuration. 

0000 64K 

0001 128K 

0010 256K 

0011 1 M 
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4.3,9 OBU: Object Buffer Unit 

4.3.9. 1 OBUo^MCR: Object Buffer Master Control 



POSTED 
I/O Address 
Index 



HIU.RDT 
4800 (OBUO. 
4810 (0BU1. 
4820 (0BU2. 
4830 (0BU3. 
4840 (0BU4, 
4850 (0BU5. 
4860 (0BU6. 
4870 (0BU7 



MCR: Object 
MCR: Object 
"mCR: Object 
MCR: Object 
MCR: Object 
MCR; Object 
"mCR: Object 
MCR: Object 



Buffer 0 
Buffer 1 
Buffer 2 
Buffers 
Buffer 4 
Buffers 
Buffer 6 
Buffer 7 



Master 
Master 
Master 
Master 
Master 
Master 
Master 
Master 



Control) 
Control) 
Control) 
Control) 
Control) 
Control) 
Control) 
Control) 



The eight identical registers OBUo_MCR control the operation of the eight object buffers. 



15 


14 13 


12 


11 


10 9 8 7 6 5 


4 3 


2 1 0 


1 ^M. 

IM — 


RSVO 


j LME 


CME 


FL 0PM SSM 


YBDC XBOC 


« 1 


W 


Access 


Reset 


Description 








RW 


000 


RSVD 


Reserved (read as '0*). 






m 
1 


RW 


0 


LME 


Luminance Mask Enable. Speafies whether the MSB of a 1 6-bit input 
stream (typically the Y channel of YCbCr data) is written to the object 
buffer or masked. 

0 Enable luminance data update (MSB written to object buffer) 

1 Disable luminance data update (MSB masked) 


w 


RW 


0 


CME 


Chrominance Mask Enable. Speafies whether the LS8 of a 1 6-bit input 
stream (typically the CbCr channel of YCbCr data) is written to the object 
buffer or masked. 

0 Enable chrominance data update (LSB written to object buffer) 

1 Disable chrominance data update (LSB masked) 


10 


R/W 


0 


FL 


ReW Lock. ReW-k)cks the object to the vWeo source selected as the 
master in register VIU.WOT, bit MFTS. 

0 not f ieki locked 

1 fieki locked 



9:6 



R/W 



Oh 



0PM 



synchronization and addressing modes. 

0000 Disable OBU line 

0001 Enable OBU; lock to IPU1 , address generation locked to IPU1 
(bit FL must- 1) 

0100 Enable OBU; independent, interlaced addresses, start on line 1 

0101 Enable OBU; independent, interlaced addresses, start on line 2 

1 1 00 Enable OBU; independmt. normal addresses 

1 1 01 Enable OBU; independent, line replicate addresses (on read) 

1110 Enable OBU; independent, block mode addresses (8x8 blocks, 
OBUO only) 

1111 Enable 16x8 blocks, OBUO only 

XXXX All other configurations reserved, AT 1019100 
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Blt# Access Reset Description 



5 


fVW 


0 


. SSM 


Single Sweep Mode. 

0 Disable single sweep mode 

1 Enable single sweep mode (reset 0PM to 00000 after one field) 


4 


R/W 


0 


YBDC 


Y BLT Direction Control. Speofies whether the Y address counter ts incre- 
mented or decremented after each line. 

0 BLT to decreasing memory addresses 

1 BLT to increasing memory addresses 


3 


H/W 


0 


XBOC 


X BLT Direction Control. Specifies whether the X address counter is incre- 
mented or decremented after each line. 

0 BLT to decreasing memory addresses 

1 BLT to increasing memory addresses 


2:0 


R/W 


000 


FA 


FIFO Association. Speofies whether the stream wntten into the object 
buffer is to be copied to one of the output FIFOs. 



000 NoRFOcopy 

001 Copy object buffer to RFO A during write 

010 Copy object buffer to RFO B during write 

01 1 Copy object buffer to RFO C during write 
1 00 Copy object buffer to RFO D during write 
XXX All other configurations reserved 



a 
m 



m 



4.3.9^ QBUoJRFX: Object Buffer Reference Frame Size 



POSTED 
I/O Address 
Index 



HIU_RDT ^ 
4801 (OBU0_RFX: Object Buffer 0 Reference Frame X Size) 
481 1 (0BU1_RFX: Object Buffer 1 Reference Frame X Size) 
4821 (OBU2_RFX: Object Buffer 2 Reference Frame X Size) 
4831 (0BU3.RFX; Object Buffer 3 Reference Frame X Size) 
4841 (0BU4IrFX: Object Buffer 4 Reference Frame X Size) 
4851 (06U5.RFX: Object Buffer 5 Reference Frame X Size) 
4861 (OBUsIrfX: Object Buffer 6 Reference Frame X Size) 
4871 (0BU7IrFX: Object Buffer 7 Reference Frame X Size) 

The eight identical registers OBUo_RFX specify, for each of the eight object buffers, the 1 1 -bit width (in 
pixels) of the reference frame containing the object buffer. 



15 


14 13 12 


11 10 9 8 7 6 5 4 


3 2 10 




flSVO 


RFX 


1 


Bit# 


Access Reset 


Description 




15:11 


R/W Oh 


RSVD Resen/ed (read as ^OT 




10:0 


RW Oh 


RFX Reference Frame X size (0-7FFh) 
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4.3.10 OBUo.LSb: Object Buffer Linear Start Address 

POSTED - 

I/O Address HIU_RDT 

Index 4802 (OBUO.LSL: Objea Buffer 0 Linear Start Address Low) 

4812 (08Ui_LSL: Object Buffer 1 Unear Start Address Low) 

4822 (0BU2.LSL: Object Buffer 2 Unear Start Address Low) 

4832 (0BU3_LSL: Object Buffer 3 Unear Start Address Low) 

4842 (0BU4_LSL: Object Buffer 4 Unear Start Address Low) 

4852 (OBUS.LSL: Object Buffer 5 Unear Start Address Low) 

4862 (0BU6_LSL: Object Buffer 6 Unear Stan Address Low) 
4872 (0BU7_LSL: Object Buffer 7 Unear Stan Address Low) 
4803 (OBUO.LSH: Object Buffer 0 Unear Start Address High) 

4813 (OBUI.LSH: Object Buffer 1 Unear Start Address High) 

4823 (0BU2_LSH: Object Buffer 2 Unear Start Address High) 

4833 (0BU3_LSH: Object Buffer 3 Unear Start Address High) 

4843 (0BU4_LSH: Object Buffer 4 Unear Stan Address High) 

4853 (OBUS.LSH: Object Buffer 5 Unear Stan Address High) 

4863 (06U6_LSH: Object Buffer 6 Unear Stan Address High) 

^ 4873 (0BU7_LSH: Object Buffer 7 Unear Start Address High) 

im 

Roisters OBUo_LSL and OBUo_LSH specify the 23-bit linear starting address of tfie object buffer. 



1^ 


14 


13 


12 


11 10 


9 


8 7 


6 


5 


4 


3 2 


1 


0 


'■'is 












LSL 






















RSVD 








LSH 



Bilii Access Reset Description 



Ob||ct Buffer Linear Start Address Low 



1 S|iC: R/W Oh LSL Unear Stan Address Low. Speofies the lower tsits of the 22-bit linear 

starting address (LSb must - 0). (0-FFFEh) 



Object Buffer Linear Start Address High 



15:6 R/W Oh RSVD Resented (read as 'C). 



5:0 R/W Oh LSH Linear Start Address High. Speofies the upper 6 bits of the 22-bjt tin- 

ear starting address. (0-7Fh) 
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4.3. 1 0. 1 OBUo_BSa: Object Buffer Size 



POSTED- 
I/O Address 
Index 



HIU.RDT 

4804 (OBU0_8SX: Object Buffer 0 X Size) 
4814 (0BU1 BSX: Object Buffer 1 X Size) 
4824 (0BU2_BSX: Obiect Buffer 2 X Size) 
4834 (0BU3_BSX: Object Buffer 3 X Size) 
4844 (0BU4_BSX: Object Buffer 4 X Size) 
4854 (0BU5_BSX: Object Buffer 5 X Size) 
4864 (OBUe.BSX: Object Buffer 6 X Size) 
4874 (0BU7_BSX: Object Buffer 7 X Size) 



m 
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4805 (OBUO. 
4815 (0BU1 
4825 (OBU2. 
4835 (0BU3. 
4845 (0BU4 
4855 (0BU5. 
4865 (0BU6. 
4875 (0BU7. 



.BSY: Object 
.BSY: Object 
.BSY: Object 
.BSY: Object 
.BSY: Object 
.BSY: Object 
.BSY: Object 
.BSY: Object 



Buffer 
Buffer 
Buffer 
Buffer 
Buffer 
Buffer 
Buffer 
Buffer 



0 Y Size) 

1 Y Size) 

2 Y Size) 

3 Y Size) 

4 Y Size) 

5 Y Size) 

6 Y Size) 

7 Y Size) 



Registers OBUo_BSX and OBUo_BSY specify the size of the object buffer. 



15 



14 



13 



12 



11 



10 



flSVD 


BSX 


RSVO 


BSY 



Bit # Access Reset Description 



OBUo.BSX: Obtect Buffer X Size 



15:11 



FVW 



Oh 



RSVO Reserved (read as 0'). 



10:0 R/W-- Oh BSX Buffer X Size. Specifies the object buffer's width in pixels. The hard- 
ware always forces the LSb to '0*. (0-7FFh) 



OBUo.BSY: Object Buffer Y Size 



15:11 



R/W 



Oh 



RSVD Reserved (read as 0'). 



10:0 



RAV 



Oh 



BSY Buffer Y Size* Specifies the object buffer's height in pixels. (0-7FFh) 
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4,3.10.2 OBUo_DEC: Object Buffer Decimate Control 



POSTED 
I/O Acacress 
Index 



HIU.RDT 

4806 (OBU0_DEC: OD|GCt Buffer 0 Decimate Control) 
4816 (0BU1_DEC: Object Buffer 1 Deamate Control) 
4826 (0BU2.DEC: Object Buffer 2 Deamate Control) 
4836 (OBU3_0EC: Objea Buffer 3 Deomate Control) 
4846 (OBU4_0EC: Object Buffer 4 Decimate Control) 
4856 (0BU5_DEC: Object Buffer 5 Deamate Control) 
4866 (0BU6_DEC: Object Buffer 6 Decimate Control) 
4876 (0By7_DEC: Object Buffer 7 Decimate Control) 

Register OBUo.DEC specifies the write decimation mask. OM7-OM0 are mapped to each successive 
group of eight pixels written into the object buffer Do not drop the first line or pixel in a transfer to an object 
buffer (i.e„ when BLT direction is up, DM0 must be *0'; when BLT direction is down, DM7 must be *0'), 



15 


14 


13 


12 11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 








RSVD 








0M7 


0M6 


QMS 


0M4 


0M3 


DM2 


DM1 


OMO 



Access Reset Description 





R/W 


Oh 


RSVD 


Reserved (read as '01. 


7^ 


R/W 


Oh 


DM7 


Write Decimation Mask Bit 7. 





FVW 


Oh 


DM6 


write Dedmation Mask Bit 6. 




R/W 


Oh 


DMS 


Write Decimation Mask Bit 5. 




RW 


Oh 


DM4 


Write Deamation Mask Bit 4. 


3p 


R/W 


Oh 


DM3 


Write Decimation Mask Bit 3. 




R/W 


Oh 


0M2 


Write Decimation Mask Bit 2. 


1 


R/W 


Oh 


DM1 


Write Decimation Mask Bit 1 . 


0 


RW 


Oh 


DMO 


Write Decimation Mask Bit 0. 



For all Write Decimation Bits 7:0: 

0 Write pixel to frame buffer 

1 Drop pixel 



4.3.11 OWU: Oispiay Window Unit 

4.3. 1 1. 1 DWU_MCR: Display Window Master Control 

POSTED 

I/O Address HIU.RDT 
Index 4100 

Register OWU^MCR controls the operation of the display window and indicates to the RFU whether or 
not the CL-PX2080 is present 
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15 



14 



13 



12 



11 



10 



GCS GFP GFM GVSp(ghSP| G8P I OCC 



tMS 



HSVO 



WC3 I WC2 j WC1 I WCo" 



Bit # Access Reset Description 



15 



R/W 



GCS Graphics Clock Select 

0 l/2x GPCLK 

1 1x GPCLK 



14 



R/W 



GFP Graphics Field Polarity 

0 normal polarity 

1 inverted polarity 



13 



R/W 



GFM Graphics Field Mode 

0 field polarity determined by value of GHSP on falling GVSP 

1 GHSP input used as field select 



12 



RAV 



GVSP 



Graphics Vertical Sync Polarity. Specifies polarity of signal GVS, 

0 active low 

1 active high 



11 



R/W 



GHSP 



Graphics Horizontai Sync Poianty. Specifies poianty of signal GHS. 
0 active low 



1 



active high 



10 



RW 



GBP Graphics Blank Polarity. Specifies polarity of signal GBL 

0 active low 

1 active high 



If? ii 



R/W 



OCC 



Occluded Window Control. Speafies whether the present hardware 
configuration includes the CL-PX2080. 

0 CL-PX2080 is present — system supports occluded windows 

1 CL-PX2080 is not present — system does not support occlud- 
ed windows 



8 


R/W • 


0 


IMS 


intenaca Mode Select. Speofies whether the stream stored in the 
object buffer for display by the current display window is interlaced or 
non-interlaced. 

0 Progressive-scan video (non-interlaced} 

1 Interlaced video 


7:4 


FVW 


0000 


flSVD 


Reserved (read as 0"). 




3 


fVW 


0 


WC3 


Window 3 Control 




2 


R/W 


0 


WC2 


Window 2 Control 


For all Window Controls 3:0: 
0 Disable window 


1 


RW 


0 


WCI 


Window 1 Control 


1 Enable window 


0 


R/W 


0 


WCO 


Window 0 Control 
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4.3. 1 1.2 DWU^HCR: Display Window Horizomui Control 

POSTED 

I/O Address HIU.RDT 
Index 4101 

Register DWU^HCR shares two functions, depending on whether or not the DVP is operating with the 
CL-PX2080, as specified register DWU.MCR. bit OCC. 

15 14 13 12 11 10 



RSVD 


HAC 


RSVO 


MWS 



Blt# Access Reset Description 



Horizontal Active Count (DWU.MCR, bit OCC - 0) 



iSiii R/W Oh RSVD Resen/ed (read as '0'). 



pO R/W Oh HAC Honzontal Active Count. Speafies the numt)er of pixel penods in the 
fji horizontal line active interval for the output CRT display, (0-7FFh) 



Wftiimum Window Separation (OWU.MCR, bit OCC - 1) 



R/W Oh RSVD Resen/ed (read as O*). 



im R/W Oh MWS Minimum Window Separation. Speafies the minimum number of pixel 
I periods re quired to separate display windows. (Q-ffh) _^ 

13 
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4.3. 1 1.3 DWUd_DZF: Display Window Display Zoom Factor 
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POSTED 
1/0 Address 
Index 



HIU.RDT 

4400 (DWUO^DZF: Display Window 0 Zoom Factor) 
4410 (DWUI.DZF: Display Window 1 Zoom Factor) 
4420 (DWU2_DZF: Display Window 2 Zoom Factor) 
4430 {DWU3_0ZF: Dispiay Window 3 Zoom Factor) 

Register OWUd_DZF specifies the X and Y zoom factors to be applied to the display window output (func- 
tional only when used with CL-PX2080). The image is scaled according to the following formula: 

256 

ScUrg 

ZOOM FACTOR 

For example* a zoom factor of 128 yields a scaling factor of 2. A zoom factor of 'Oh' specifies a scaling 
factor of one (no change in image size). 

NOTE: The contents of the object buffer are not affected by the zoom factors. 



15 


14 13 


12 


11 10 9 8 


7 6 5 4 3 2 


1 


0 


YZOOM 


XZOOM 


Bit# 


Access 


Reset 


Description 








15:8 


R/W 


Oh 


YZOOM Y Zoom Factor — line replication value. (0-FFh) 






7:0 


R/W 


Oh 


XZOOM X Zoom Factor — pixel replication value. (0-FFh) 







Iff i 



4.3. 11.4 DWUd_RFX: Display Window Reference Frame Size 



POSTED 
I/O Address 
Index 



HIU.RDT 

4401 (DWUO^RFX: Display Window 0 Reference Frame X Size) 
441 1 (0WU1.RFX: Display Window 1 Reference Frame X Size) 
4421 (0WU2_RFX: Display Window 2 Reference Frame X Size) 
4431 (0WU3.RFX: Display Window 3 Reference Frame X Size) 

Register DWUd.RFX specifies the 1 1-bit pixel width of the reference frame containing the display win- 
dow. 



15 


14 13 12 


.11 


10 9 8 7 6 


5 4 


3 


2 


1 


0 


RSVD 


RFX 


Bit# 


Access Reset 


Description 












15:11 


R/W Oh 


RSVp Resen/ed (read as 0'). 













10:0 



R/W 



Oh 



RFX Reference Frame X size. (0-7FFh) 
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4.3. 1 1.5 DWUd_LSb: Display Window Linear Start Address 



POSTED 
I/O Address 
Index 



HIU.RDT 

4402 (OWU0_LSL: Display Window 0 LSA Low) 4403 (DWUO LSH: Display Window LSA High) 
4412 (DWU1_LSL: Display Window 1 LSA Low) 4413 (DWUiIlSH: Display Window i LSA High) 
4422 (DWU2_LSL: Display Window 2 LSA Low) 4423 (DWU2_LSH: Display Window 2 LSA High) 
4432 (DWU3_LSL: Display Window 3 LSA Low) 4433 (DWU3_LSH: Display Window 3 LSA High) 

Registers OWUd_LSL anO DWUd.LSH specify the 23-bit linear starting address of the display window. 



15 


14 13 


12 


11 10 9 


8 7 


6 


5 4 


3 2 


1 


0 


LSL 


RSVO 


LSH 


Bit# 


Access 


Reset 


Description 















^Ud.LSL: Display Window Linear Start Addresa Low 



^.0 R/W Oh LSL Linear Start Address Low. Speofies the lower bits of tfie 22-t3it linear 
^ starting address. (LSb must - 0). (G-7FFFh) 

-M 



il^Ud.LSH: Display Window Linear Start Address High 



lp7 . R/W Oh RSVO Reserved (read as •0'). 



6:0 R/W Oh LSH Linear Start Address High. Specifies the upper 7 bits of the 22-t>it lin- 

ear starting address. (0-7Fh) 



#.7 f.5 DWUd_WSa: Display Window Size 

RJSTED 

UQ Address HIU.RDT 

i^ex 4404 (DWUO.WSX: Display Window 0 X Size) 4405 (OWUO.WSY: Display Window 0 Y Size) 

4414 (DWU1 _WSX: Display Window i X Size) 4415 (0WU1_WSY: Display Window 1 Y Size) 

4424 (0WU2_WSX: Display Window 2 X Size) 4426 (DWU2_WSY: Display Window 2 Y Size) 

4434 (0WU3_WSX: Display Window 3 X Size) 4435 (DWU3_WSY: Display Window 3 Y Size) 

Registers OWUd_WSX and DWUd.WSY specify the size of the display window. 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



RSVO 


wsx 


RSVD 


WSY 
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BTt # Access Reset Description 


OWUd.WSX: Display Window X Size 


15:11 R/W Oh RSVD 


Reserved (read as 0*). 


10:0 RW Oh WSX 


Window X Size. Specifies the X dimension of the display window in 
pixels. (LSbmust- 0) 


DWUd.WSY: Display Window Y Size 


15:11 R/W Oh RSVD 


Resented (read as '0'). 


10:0 RAW Oh WSY 


Window Y Size. Speafies the Y dimension of the display window in 
pixels. (0-7FFh) 



4.3.11.7 DWUd_DSa: Display Window Start 



4407 (OWUO.OSY: Display Window 0 Y Start) 
4417 (DWU1_0SY: Display Window 1 Y Start) 
4427 (DWU2_DSY: Display Window 2 Y Start) 
4437 (DWU3_DSY: Display Window 3 Y Start) 

n of the top left corner of the display window 

6 5 4 3 2 1 0 

osx 

DSY 

|g 

Bit # Access Reset Description 



OWUd.OSX: Display Window X Start 


15:12 R/W Oh RSVD 


Reserved (read as On- 


11:0 WW Oh DSX 


Display X Start. Specifies the pixel offset from the CRT column 0 to the 
left-most column of the display window. (0-7FFh) 


OWUd.OSY: Display Window Y Start 


15:12 R/W Oh RSVD 


Reserved (read as On- 


11:0 RW Oh DSY 


Display Y Start. Speafies the pixel offset from the CRT row 0 to the 
top-most row of the display window. (0-7FFh) 



ATI019109 



O POSTED 

li I/O Address HIU RDT 

y Index 4406 (D WUO.DSX: Display Window 0 X S tart) 

^ 4416 (DWU1 _DSX: Display Window i X Start) 

4426 (DWU2_DSX: Display Window 2 X Start) 
4436 (DWU3_DSX: Display Window 3 X Start) 



7p 



i 



Registers DWUd^DSX and DWUd_DSY specify the locatioi 
relative to the top left corner of the output CRT display. 



15 14 13 12 11 10 
RSVD I 
RSVO 
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5. ELECTRICAUSPECIFICATIONS 

5.1 Absolute Maximum Ralings 

This section lists the absolute maximum ratings of the DVP. Stresses above those listed can cause per- 
manent damage to the device. This is a stress rating only, and functional operation of the device at these 
or any conditions above those indicated in the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended periods can affect device reliability. 

Storage temperature • ^° *^50«C 

Voltage on any pin with respect to ground ....-0.5 Volts to Vqo +057 

TV 

Power Supply Voltage ~ - - 

Lead Temperature (10 seconds) - - 300*0 

5.2 DVP Specifications (Digital) 

S^bol Parameter M|N MAX Conditions 

VjS) Power Supply Voltage 4.75 V 5.25 V Normal Operation 

Jm • ' " 

V||^; Inp ut Low Voltage OV 0-8 V 

Vj: Input High Voltage 2^0V Vpo ♦ 0.6 V 

V^ Output Low Voltage 0-^V Iql - 4 mA 

Vp, Output High Voltage 2^4V V toH°400nA 

im Digital Supply Current N/A VDD Nominal 

input Leakage -lOnA " lOuA 0 < V|n < Vpo 

d^i Input Capaatance ^OP^ 

.«» ~ ~" 

d^jx Output Capacitance 10 
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5.3 AC Characteristics/Timing Information 

This section includes system timing requirements for the DVP. Timings are provided in nanoseconds 
(ns). at TTL input levels, with the ambient temperature varying from 0 to 70*^0, and Vrr varvina from 
4.75 to 5,25V DC. ^ ^ 

NOTE: 1 . All timings assume a load of 50 pF. 

2. TTL signals are measured at TTL threshold; CMOS signals are measured at CMOS threshold 

5.3.1 Index of Timing Information 

iSA Bus Timing ^ ^ ^ 

Figure 5-1. ISA Bus — I/O Timing 87 

MCA Bus Timing .^.^^ ^ ^ . ^ ^ 

Figure 5-2. MCA Bus — I/O Timing 89 

Figure 5-3. MCA Bus — CDSFDBK* Timing 89 

Figure 5-4. MCA Bus — CDSETUP* Timing „ 89 

Loc3i Hardware interfaes Timing go 

Figure 5-5. Local Hardware Interface — Write Timing go 

Rgure 5-6. Local Hardware Interface — Read Timing 91 

Video Port Timing ^ ^ g2 

Figure 5-7, Video i/0 Timing 93 

Rgure 5-8. STALL* and STALLRQ* Timing 93 

Figure 5-9. Video and Graphics Ron Timing 93 

Memory Timing . — „.««.,.^«,^^^.^«.^^^,^„^.^^«.^^P4 

Figure 5-10, Read Transfer Cycle Tim ing 94 

Rgure 5-1 1 . CAS" Before RAS* Refresh Timing 95 

Rgure 5-12. Memory Read Timing 97 

Rgure 5-13, Memory Write Timing 97 
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5.3.2 ISA Bus Timing 
Table 5-1. ISA Bus Timing 

Ref. Parameter MIN MAX 



t1 


Setup 


AD(15;0] address valid Detore lOR /luw acuve 








Delay 


lOR /lOW active to DEN active, DDIR change 


4 ns 


£\j ns 


to 

^3 


Delay 


lOR* active to A0(1 5:0] read data out low Z 


4 ns 


75 ns 


u 


Delay 


lOR* active to AD(15:0] read data out valid 




75 ns 


t5 


Pulse Width 


lORVlOW 


100 ns 




t6 


Delay 


lORVtOW inactive to DEN* Inactive, DDIR change 


4 ns 


20 ns 




Delay 


iOR* inactive to AD(l5.-0] read data invalid 


4 ns 


20 ns 




Hold 


AD[15:01 address valid atter I0R*/10W aaive 


4 ns 






Setup 


AD(1 5:0] write data valid before lOW* inactive 


50 ns 






Hold 


AD(l 5:0] write data valid after lOW inactive 


4 ns 






Delay 


lOWVlOR* inactive to lOW/IOR* active 


80 ns 
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lOW/IOR* 



t 



i 



1 



OOIR 



oeN* 



A0(1501(\wt©) 



I 



ji jk. 



LowZ 



Hi Z. datainvaid 



DATA 



DC 



X 



AOOR 



NOTE: AEN must be low during cycle. 



Figure 5*1. ISA Bus — I/O Timing 
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5.3.3 MCA Bus Timing 
Table 5-2, MCA Bus Timing 
Ref. Parameter 



MIN 



MAX 



t1 


Setup 


AD[15:0] address valid before ADL' active 


40 ns 






Setup 


SO*, Sr valid before ADL* active 


7 ns 




t3 


Pulse Width 


ADL* 


35 ns 




U 


Hold 


SO*, sr from ADL* inactive 


20 ns 




ts 


Hold 


AD(15:01 address from ADL* inactive 


25 ns 




t6 


Hold 


M/10* from ADL* inactive 








Setup 


AD(15:0] address valid before CMD* active 


80 ns 






Setup 


SO*, sr valid before CMD* active 


50 ns 




m 


Setup 


ADL* active before CMD* active 


35 ns 






Hold 


AD{15:0) address from CMD* active 


25 ns 




^& 


Hold 


so*, sr from CMD* active 


25 ns 






Setup 


AD(1 5:0) write data valid before CMD* active 


15 ns 






Hold 


AD(15:0] write data valid from CMD* inactive 


0 ns 






Delay 


CMD* active to AD(15:0] read data valid 


45 ns 






Delay 


CMD* inactive to AD(15:0I read data invalid 


0 ns 




% 


Delay 


CMD* inactive to AD{15:0) read data high Z 




30 ns 




Delay 


CMD* active to DEN* active/DDIR change 




35 ns 


m 


Delay 


CMD* inactive to DEN* inacttve/DDIR change 




20 ns 


tl9 


Delay 


CMD* Inactive to CMD* active 






t20 


Pulse Width 


CMD* 


90 ns 




t21 


Delay 


AO(15.t3] address, M/10* valid to CDSFDBK* active 




55 ns 


t22 


Delay 


AD(15:0) address. M/IO* invalid to CDSFDBK* inaaive 


0ns 




t23 


Setup 


CDSETUP* active before ADL* active 


10 ns 




t24 


Hold 


CDSETUP* active after CMD* active 


25 ns 




t25 


Hold 


CDSETUP* active after ADL* inactive 


20 ns 
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NVK3' 



AOL' 



VALID 



SO', sv 



CMO* 



VALID 



X 



tt9 



J22_ 



7 



I I 



7 



OOIR 



DEN* 



AD(15.0| 



zx 



1^; 



AOOR 



DATA 



tigj^ HlZ,dam<nvatU 

- j 



A0(15.0]. M/IO* 



COSFOBJC 



Rgure 5-2. MCA Bus — I/O Timing 



VALID 



1 




NOTE: Slaves do not drive CDSFDBK* when they are selected by the card setup' signal, 
Rgure 5*3. MCA Bus — COSFOBK* Timing 



COSETUP* 
AOL* 

CMD* 



X 



223. 



Rgure 5-4. MCA Bus — COSETUP* Timing 



/ 
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5.3.4 Local Hardware Interface Timing 

Table 5*3. Local Hardware Interface — Write Timing 



Ref. 


Parameter 




MIN 


MAX 




Period 


PCLK 


50 ns 






Pulse Width 


PCLK 


12 ns 






Setup 


lOW. CS* before PCLK risjng edge 


10 ns 




U 


Setup 


CS*. RS(3:1I before lOW active 


1 cycle 




ts 


Pulse Width 


lOW 


2 cycles 




t€ 


Hold 


PCLK rising edge to 10 W*. CS* transition 


2 ns 






Delay 


iOW* inactive to lOW active 


2 cycles 






Setup 


D[1S:0] valid before lOW* inactive 


15 ns 




^ 


Hold 


CS', RS(3;1]. 0(15:0) valid to lOW* inactive 


2 ns 




i 


Delay 


PCLK rising edge to CHRDY* active 


4 ns 


20 ns 




Delay 


lOW* inactive to CHRDY* inactive 


4 ns 


20 ns 


W 


Pulse Width 


CHRDY* 


1 cycle 


2 cycles 


^ — 


Delay 


lOW active to CHRDY* active 


1 cycle 


1 cycle 


1^ 


Transition 


PCLK 




5ns 



'02 

m 

# 



PCLK 



OS*. RS(3:1] 



low 



0(150] 










it,, i 


CHflOY* 


.■».V ...7 





MOTES: Timing is shown relative to 
dock. Internally. Of 15:0), 
lOW/lOR*. RS(3:1lmust 
be stable for tne entire cy* 
cle following CS* active. 
D{15:0] is sampled on the 
2nd rising edge after CS* is 
asserted. 

CS*, lOW*. RS(3:l]must 
be asserted. 

If lOW* exceeds 2 cycles. 
CHRDY* is negated after 2 
. cycles. In this case, i^^ is 
referenced to PCLK. 



Rgure S-5. Local Hardware interface Write Tinning 
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Table 5-4. Local Hardware Interface — Read Timing 



m 





Ref. 


Parameter 




MIN 


MAX 




ti 


Period 


PCLK 


50 ns 








Pulse Width 


PCLK 


12 ns 








Setup 


lOR*. CS* active before PCLK rising edge 


12 ns 






U 


Setup 


CS', RS(3:1] valid before lOR* active 


1 cycle 








Pulse Width 


lOR* 


3 cycles 






k 


Hold 


PCLK rising edge to lOR* inactive, CS* inactive 


2 ns 








Delay 


lOR* inactive to lORVlOW* active 


2 cycles 






te 


Delay 


lOR* active to D(15:0] low impedance 


4 ns 


20 ns 






Delay 


lOR* active to D(15:0) valid 


4 ns 


40 ns 




tio 


Hold 


lOR* inactive to 0(15:0). CS*. RS{3:1] invalid 


2 ns 






til 


Delay 


PCLK rising edge to CHRDY* active 


4 ns 


20 ns 




tl2 


Delay 


lOR* active to CHRDY* active 


1 cycle 


1 cycle 


iyj 


tl3 


Pulse Width 


CHRDY' 


2 cycles 


2 cycles 




tu 


Delay 


PCLK rising edge to CHRDY* inactive 


4 ns 


20 ns 




tl5 


Delay 


lOR* inactive to D[15:0] high impedance 


2 ns 


20 ns 




tl6 


Transition 


PCLK 




5ns 



PCLK 



OS*. flS(3:1I 



lOR* 



0(150] 



CHROY* 




Rgure 5-6, Local Hardware Interface — Read Timing 
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5.3.5 Video Port Timing 
Table 5-5. Video Port Timing 



MIN 



MAX 



ti 


Period 


VnCLK 


33 ns 




t2 


Pulse width 


VnCLK high 


12 ns 




t3 


Setup 


VnPH before VnCLK rising edge 


10 ns 




t4 


Hold 


VnPH from VnCLK rising edge 


2 ns 




ts 


Delay 


VnO(l5:01 output, VnVS/VnHS/VnBL valid after VnCLK rising edge 


5 ns 


15 ns 


t6 


Delay 


VnlEN* valid after VnCLK rising edge 


5 ns 


15 ns 


t7 


Transition 


GPCLK 




5ns 




Transition 


SBCLK 




5 ns 




Setup 


VnO(15:01 input, VnVS/VnHS/VnBL before VnCLK rising edge 


10 ns 






Hold 


VnO(15:0] input. VnVS/VnHS/VnBL after VnCLK rising edge 


2 ns 






Transition 


VnCLK 




5ns 




Setup 


STALLRQ* active before V2CLK rising edge 


10 ns 






Hold 


STALLRQ* active after V2CLK rising edge 


2 ns 






Hold 


STALL* valid after V2CLK rising edge 


7 ns 


20 ns 




Hold 


STALL* invalid after V2CLK rising edge 


7 ns 


20 ns 




Pulse Width 


GPCLK high 


4 ns 






Pulse Width 


GPCLK low 


4 ns 






Period 


GPCLK 


12.5 ns 


12.5 ns 


tl9 


Setup 


GHS« GVS, GBL before GPCLK rising edge 


10ns 




t20 


Hold 


GHS, GVS, GBL after GPCLK rising edge 


2ns 




t21 


Delay 


FCLK rising edge after GPCLK rising edge 


5 ns 


i A nc 

1 0 ns 




Delay 


SBCLK rising edge after GPCLK rising edge 


5 ns 


15 ns 




Delay 


SBCLK low from GPCLK rising edge 


5 ns 


15 ns 


t24 


Delay 


FCLK low from GPCLK rising edge 


5 ns 


15 ns 


t25 


Delay 


SBCLK rising edge from FCLK 


Ons 


5 ns 


t26 


Setup 


FRDY valid before GPCLK rising edge 


ions 




t27 


Hold 


FRDY valid after GPCLK rising edge 


2 ns 




t28 


Setup 


ZC(3:0] valid before FCLK rising edge 


10ns 




t?9 


Hold 


ZC(3:0] valid after FCLK rising edge 


2 ns 
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VnlEN* 



V 



1 



1 



/ 



VnO(15.0) 


OUT t 






VnVS/VnHS/Vn8L 







Rgure 5-7. Video I/O Timing 
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5.3.6 Memory Timing 

Table 5-6. Read Transfer Cycle Timing 





Parameter 




MIN AX 


ti 


Setup 


FBA(9:0] row address valid before RAS* active 


160 ns 


t2 


Hold 


FBA[9:01 row address valid after RAS* active 


22 ns 


t3 


Setup 


FBA[9:0] column address valid before CAS* active 


6 ns 


t4 


Hold 


FBA(9:0] column address valid after CAS* active 


22 ns 


t5 


Setup 


SBCLK falling edge (static interval) before HAS* active 


86 ns 


t6 


Delay 


RAS* active to CAS* active to SBCLK active 


38 ns 


t? 


Delay 


RAS* inactive to SBCLK active 


86 ns 




Pulse Width 


CAS* 


22 ns 




Pulse Width 


RAS(1:0)* 


86 ns 




Period 


MCLK 


16 ns 




Transition 


MCLK 


5ns 




Setup 


DTE* active to RAS(1:0)* active 


10 ns 


1^ 


Delay 


RAS{1 :0r inactive to DTE* inactive 






S8CLK 



Figure 5-10. Read Transfer Cycle Timing 



ATI019120 



PfteUMINAftY DATA BOOK 



Julyim 



CL-PX2070 

Digital Video Processor 



mm 



Pixel 

Semiconductor 

A Citrus Logic Company 



Table 5-7. CAS* Before RAS* Refresh Timing 



MIN 



MAX 





Pulse Width 


RASr 


86 ns 




Pulse Width 


RASO* 


86 ns 


t3 


Delay 


CAS* active to RASr active 


38 ns 


U 


Delay 


CAS' active to RASO* active 


38 ns 


t5 


Period 


MCLK 


16 ns 


t6 


Transition 


MCLK 


5 ns 



m 



m 



MCLK 



CAS(1t)r 



RAsr 



RASO* 




7 



J 



ngure 5-11. CAS* Before HAS* Refresh Timing 



ATI019121 



July 1993 



pneUUINABY DATA BOOK 



95 



Pixel 

Semiconductor 

A Cirrus Logic Company 



CL-PX2070 

Digital Video Processor 



Table 5-8. Memory Read and Write Timing 



Ref. 


Parameter 




lUIIN 




ti 


Period 


MCLK 


16 ns 




t2 


Transition 


MCLK 




5 ns 


t3 


Pulse Width 


MCLK low 


6 ns 




U 


Setup 


FBA[9:0] row address valid before RAS* active 


6 ns 




ts 


Hold 


FBA(9:01 row address valid after RAS* active 


22 ns 




t6 


Setup 


FBA[9:0} column address valid before CAS* aah/e 


6 ns 




t? 


Hold 


FBA(9:0] column address valid after CAS* active 


22 ns 




ta 


Delay 


RAS* active to CAS* active 


38 ns 






Delay 


CAS* inactive to CAS* active (precharge) 


11 ns 






Hold 


RAS* active from CAS* aaive 


38 ns 






Delay 


RAS* inaoive to RAS* active (precharge) 


86 ns 






Pulse Width 


CAS* 


27 ns 






Setup 


WE* inactive before RAS* active 


38 ns 






Delay 


FBD[31 :0] valid after CAS* active (CAS* access time) 


22 ns 






Hold 


FB0{31 :0] valid after CAS* inactive 


0 ns 






Delay 


FBD{31:0) valid after DTE* aaive 


38 ns 






Setup 


WE* active before CAS* active 


6 ns 


6 ns 




Pulse Width 


CAS* 


27 ns 




tl9 


Hold 


WE* active from CAS* active 


70 ns 




t20 


Setup 


FBD(31 :0] write valid before CAS* active 


6 ns 




t21 


Hold 


FB0I31 :0J write valid after CAS* active 


22 ns 
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Rgure 5-13. Memory Write Timing 
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6. PACKAGE DIMENSIONS — 160-Lead PQFP 



cn 

CIJl 

cn 
err 



l3 



3^40(1.276) cXJi 

CTE 
CS 

cn 
cn 
cn 
cn 
cn 



QM cn 

fflJ2S6>Cn 

BSC cn) 



r 



PHIIM 



cn 



27.90 (1.09«) 
"2$.10 (1.106)" 



30 JO (1^13) 
'32^0 (1^76)" 



0^0 (0i)0S) 
'0<40(OU)1«> 



CL-PX2070 

160-Pin PQFP 



Pin 1 1ndteMor 



ixi A 



U3 

n3 
n3 
nn 
on 



27 JO (1 .006) 
26.10(1.106) 



03 25 J5 
IXI(0J06) 

m REF 



03 
03 



03 



03 



IBBBlSIlIIIIBSmBraiBSlIBBraSIi™ 

I 26.36 (6 J»6) BEF 



Figure 6«1. OVP Package Information 
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O.eO (0.024) 
1.00 (0 J}39) 



3.17(0.12S) 
3^7(0.144) 



r 




145(Oj057) 
2.15 (OilftS) 



0.10 (0.004) 
0^ (0.009) 



3.22 (0.127) 
4.07 (0.160) 



0.00 (Oi)00> 
0.51 (Oi»0) 



Figure 6-2. OVP Package Information (Expanded View) 
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7. ORDERING INFORMATION 

When ordering the CL-PX2070 DVP. use the following format: 



CL - PX2070 - 30 QC - A 



Cirrus Logic, 

Product Line: 
Pixel Semiconductor 

Part Number 
Performance Grade 



, Inc. 



J- 



Revision^ 



Temperature Range 
C « Commercial 



Package Type: 

Q - Plastic Quad Rat Pack (PQFP) 



Comaa Cimis Logic, inc., for up-io-dat« informatton on rovi«ions. 
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APPENDIX A. DVP REGISTERS — QUICK REFERENCE 



HIU: Host Interlace Unit 



HIU.CSU 


27C0 


15:12 


RSVO 








vcn 






7 A 


no Tw 
























PUT 






w 


rAo 


HIU^OBG 


27C0 


15:10 


RSVO 




0290 


9 


ORE 






8:0 


RSVO 


HIU_OflD 


2700 


15 


EOT 




0290 


14:10 


XC 






9.5 


YC 






40 


SIMIN 


HIU.OCS 


27C2 


15 


RSVO 




0292 


U 


FONE 






13 


FFNF 






12 


RSVO 






11 


SRC 






10 


MOE 






9 


OPC . 






a 
O 


MrC 






7 


PMC 






6.5 


RSVO 






4 


SR 






30 


lEM 




27C2 


15:6 


RSVO 




0292 


5 


OBT 






4 


IP2C 






3 


IP1C 


'■'^^^ 




2 


FUN 


- tfii ^ 




1 


FOV 






0 


WAT 




27C4 


15 


AlC 


0294 


14:0 


RIN 


HIU.ROT 


27C6 


15.-0 


OlO 




0296 






HIU.MOT 


27ca 


15.-0 


MIO 




0298 






HiU.ISU 


0001 


15:14 


RSVO 






13:11 


tP2S 






10:8 


IP1S 






7,t) 


OBIS 


VBU: Video Bus Unit 




VIU_MCRp 


1000 


15 


STM 




1001 


14 


OFP- 






13:12 


OSS 






11 


OVSP 






10 


OHSP 






9 


OBP 






8 


OBT 






7 


IFP 






6 


ISS 









c 

9 


1 vo~ 








4 


IHSP 








3 


IBP 








2 


I8T 








1:0 


tOM 






o 
r 


15.12 


M5VU 




1 w«s 




11 :» 










fl £ 

a.O 
























V1U_W0T 


1004 


P 


15 


RSVO 








14 


MMS 








13:1 1 


MFTS 








10 


WTE 








9*0 


TMOUT 


VIU^TEST 


1006 




15 


MF 








14 


MFIO 








13:1 1 


RSVO 


















9 


OVS 








8 


OHS 








7 


08L 








6 


OP10 








5 


I2VS 








4 


I2BL 








3 


I2F10 








2 


I1VS 








1 


1 lU 








1 
1 


i«riu 




1 lUO 


a 
r 


ID./ 










6:0 


HSW 


V5U_nAU 


1 10 1 


o 
r 


1C -1 A 

13. 10 


H5VU 








9.0 


HAD 


VSU^HAP 


1102 


P 


15:11 


RSVO 








lot) 


HAP 


VSU_HP 


1 103 


P 


15:10 


RSVO 








9:0 


HP 


VSU.VSW 


1104 


P 


15:7 


RSVO 








6:0 


VSW 


VSU.VAO 


1105 


P 


15:10 


RSVO 








9:0 


VAO 


VSU.VAP 


1106 


P 


15:11 


RSVO 








lot) 


VAP 


VSU_VP 


1107 


P 


15 


SG£ 








14 


SSE 








13 


va 








12:10 


RSVO 








9:0 


VP 


VPU: Video Processor Unit 


VPU.MCR 


2000 


P 


15:13 


RSVO 








12 


ALUE 








11:8 


OPFSS 








7:4 


IP2FSS 








3:0 


IP1FSS 



IPU1 


_PIX 


2100 




15:11 


RSVO 










10:0 


PC 


IPU1 


_uc 


2101 




15:11 


RSVO 










10:0 


LC 


IPU1 


_FLC 


2102 




15 


RSVO 










15.D 


FC 


1PU1, 


_UR 


2103 




15:11 


RSVO 










10:0 


IRLC 


(fit 11 


CIQ 






« c 

19 


c/^c 
pCc 










14:0 


IRFC 






6^ WW 




1 <*fl 

1 9.D 


novu 










70 


LAB 


IPI J1 








1 ^-ft 

1 v.O 


Qcwn 
novu 










70 


LRD 








o 


ID 


coc 






3100 




14 


IM 










13 


PSE 










12 


CSCE 










11 


L£ 










10 


YSP 










9:8 


GOT 










7:4 


OF 










3:0 


IP 


IPU1 


.XBR 


3001 


P 


15:13 


BF 






4101 




1 'I'M 

12.0 


HSVU 


IPU1 


-XBIf 


3002 


P 


15:11 


RSVO 






31 02 




10:0 


Bl 


IPU1 


_XEIf 


3003 


P 


15:11 


RSVO 






3103 




10:0 


£1 


IPU1 


_XSFf 


3004 


P 


15:5 


SF 






3104 




40 


RSVO 


IPU1 


.XSIf 


3005 


P 


15:6 


RSVO 






3105 




5.0 


SI 


IPU1 


.YBFf 


3006 


P 


15:13 


BF 






3106 




12.-0 


RSVO 


IPU1 


_YBIf 


3007 


P 


15:11 


RSVO 






3107 




10:0 


Bl 


IPU1 


_YBf 


3008 


P 


15:11 


RSVO 






3108 




lOi) 


El 


IPU1 


_YSFf 


3009 


P 


15:6 


SF 






3109 




St) 


RSVO 


IPU1, 


_YSW 


3008 


P 


15:6 


RSVO 






3108 




5t) 


St 


1PU1. 


.KFCf 


300b 


P 


15:8 


RSVO 






310b 




7t) 


KEYFC 


IPU1 


_MMYf 


300c 


P 


15:8 


YRMAX 






310c 




70 ' 


YRMIN 


IPUI, 


.MMUr 


300d 


P 


15:8 


UGMAX 






310d 




70 


UGMIN 


IPUI.MMVT 


3008 


P 


15:8 


VBMAX 




3108 




70 


VBMIN 
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IDI OIY 




1 9.1 1 


RSVO 






10*0 




iDt iO 1 1^ 


CJW 1 


M. 1 1 


RSVO 






10.0 


LC 


IPU2_FLC 


2302 


15 


RSVO 






14:0 


FC 


IPU2.Ufl 


2303 


15:11 


RSVO 






10:0 


IRLC 


IPU2_FIR 


2304 


IS 


Fce 






14:0 


IRFC 


IPU2_MCRf 


3200 


P 15 


FPS 




3300 


14 


IM 






13 


Dec 






12:0 


RSVO 


IPU2_XBlf 


3202 


P 15:11 


RSVO 




3302 


10:0 


Bl 


IPU2_XEI1 


3203 


P 15:11 


RSVO 




3303 


10:0 


El 


IPU2_Y8lf 


3207 


P 15:11 


RSVO 




3307 


10:0 


Bl 


IPU2_YElf 


3206 


P 15:11 


RSVO 




3308 


10:0 


El 


SlU^MCR 


2800 


15:14 


RSVO 






13:12 


S£ 






1 1:10 


FT 






9:5 


SI2 






4t> 


SI1 


SIU_FCS 


2801 


15:14 


RSVO 






1 4 

19 


PQr 






12 


FQt 






1 1 


rpp 






10 


cce 
rrc 






a 

9 








3 


FEE 






7 


FOF 






6 


FOE 






5 


FCF 






4 


FCE 






3 


FBP 






2 


FB€ 






) 


FAF 






0 


FAE 


SlU__FOU 


2802 


13:14 


RSVO 






1 4 


ruO 






1 4 


ruU 






1 1 


rrO 






10 


rrU 






9 


rcO 






6 


FEU 






7 


FOO 






6 


FOU 






5 


FCO 






4 


FCU 






3 


FBO 






2 


FBU 






1 


FAO 






0 


FAU 



SIU_FAR 


4001 




15:7 


RSVO 








6 


FGR 








5 


FFR 








4:0 


RSVO 


SlUs.SIM 


2900.. 




15:14 


RSVO 




29U 




13:9 


OTN 








8 


EP 








7:4 


FA 








3:0 


08A 


AtU_MCRf 


2900 


P 


15 


G6M 




Z90i 




14,13 


IP 








123 


AOP 








8:7 


YCXJT 








6:5 


UOUT 








4:3 


VOUT 








2 


OPCS 








1 


OP8S 








0 


CPAS 


ALU.TOP 


2902 


P 


15S 


CTC 








7:0 


OTC 


ALU.AV 


2903 


P 


154 


RSVO 








7:0 


AV 


ALU.LOPx 


2904... 


. P 


150 


MLOP 




2906 












p 




now 








9 


TAG 










Own 


ALU.CSx 


290a 


P 


15S 


RSVO 




2900 




8 


TAG 








7 ft 




AUU.CCx 


290d 


P 


15S 


RSVO 








a 
o 






290f 




7:0 


CON 




zaoo 


o 
r 


«K 

19 






2b00 




^4 


IM 








13 


Z£ 








12:11 


RSVO 








10 


LSM 








9:4 


RSVO 








3:0 


IF 


OPU.XBII 


2a02 


P 


15:11 


RSVO 




2b02 




lot) 


Bl 


OPU.XEIf 


2a03 


P 


15:11 


RSVO ^ 




2b03 




100 


El 


OPU.YBIf 


2a07 


P 


15:11 


RSVO 




2b07 




lOD 


Bl 


OPU.YEIf 


2a0e 


P 


15:11 


RSVO 




2b0e 




100 


Et 


RFU: nef«r«nc« Frame Unit 




4000 




153 


RSVO 








4 


FBO 








3:0 


FBC 


OBUo MCR 4600... 


P 


15:13 


RSVO 




4870 




12 


LME 








11 


CME 
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10.O 


OrM 






5 


SSM 






4 


YBOC 






3 


X80C 






230 


FA 


0BLl0_RFX 4801... 


P 


15:11 


RSVO 


4871 




10:0 


RFX 




o 
r 


1 K<ft 

i9:o 


1 CI 










OBUo.LSH 4803... 


P 


15:7 


RSVO 


4873 




60 


LSH 


OBUO.BSX 4804... 


, P 


15:11 


RSVO 


4874 




10:0 


BSX 


OBUo.BSY 4805... 


, P 


15:11 


RSVO 


4875 




10:0 


BSY 


OBUo.OEC 4806... 


P 


15:8 


RSVO 


4676 




7 


0M7 






6 


0M6 






5 


OMS 






4 


0M4 






3 


OMS 






2 


0M2 






1 


0M1 






0 




OWU.MCR 4100 


p 


15 


GCS 






14 


OCC 






13 


GFM 






12 


GBP 






11 


GBP 






10 


GBP 






9 


OCC 






8 


IMS 






7:4 


RSVO 






3 


WC3 
















WC1 






0 


WCO 


DWU HCR 4101 


p 


15:11 


RSVO 






10:0 


HAC 






15:8 


RSVO 






7fl 


MWS 


OWUd.OZF 4400... 


P 


15:8 


YZOOM 


4430 




70 


XZOOM 


OWUd.RFX 4401... 


P 


15:11 


RSVO 


4431 




10:0 


RFX 


OWUd.LSL 4402... 


P 


15:0 


LSt 


4432 








OWUd LSH 4403... 


P 


15:7 


RSVO 


4433 




60 


tSH 


OWUd^WSX 4404... 


P 


15:11 


RSVO 


4434 




lOi) 


WSX 


OWUd.WSY 4405... 


P 


15:11 


RSVO 


4435 




lOD 


WSY 


OWUd_OSX 4406... 


P 


15:12 


RSVO 


4436 




11:0 


OSX 


OWUd.OSY 4407... 


P 


15:12 


RSVO 


4437 




11:0 


OSY 
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INDEX 



Symbols 

*5 VDC. signal VOD 19 

Numerics 

SAD 14 

16-bit 1/0 cycle, signal 1016 



14 



absolute maximum ratings 84 

AC characteristics/timing information 85-93 

AD{15:01 15 

address 

/data bus. signals A0[ 15:0] 15 

/data bus. signals SAO(15;0) 14 

bus, signals FBA(9:0] 19 
M column address strobes, signals CAS[1 :0] 
^ counter, preloading 47 
|V enable, signal A EN 14 
^ HIU register address map 22 
m I/O address map, host system 23 

index, automatic increment control 27 
35 latch, signal ADL' 16 
p linear start address 76, 82 
I „ port address select 23 
m row address strobes, signals RAS(1 ;0] 19 
/iSL- 16 
^ 14 
A^^a Value 64 

enable 44 
■N^' master control 62 
registers 42 

ALU^AV: Alpha Value 64 
ALU.CAx: Constant A 65 
ALU.CBx: Constant 8 66 
ALU.CCx: Constant C 66 
ALU_LOPx: Logic Operation 65 
ALU.MCRf: Master Control 62 
ALU_TOP: Tag Operation 64 
arithmetic operations, select 63 
automatic increment control 27 

B 

begin X column 

fractional index 49 

integenndex 49.56,68 
begin Y row 



19 



fractional index 51 
integer index 51, 69 
blanking 

horizontal/composite 
signal VI HB 18 
signal V2HB 18 
signal G8L 17 
buffer 

data, see data buffer 
digital logic and interface 
+5 VDC. signal VDD 19 
ground, signal VSS 19 
frame, see frame buffer 
size 77 
bus clock 

serial, signal SBCKL 19 
bus video data, signals V1 0(15.-0] 18 
byte enable high, signal SSHE* 16 



capacitance, input and output 84 
card 

data size, signal COOS 1 6* 15 

select feedback, signal C0SFD6K* 

setup, signal CDS ETUP* 15 
CAS(1.t)l 19 
COCHRDY 15 
C00S16- 15 
CORES ET 16 
COSETUP* 15 

timing (MCA Bus) 89 
CDSFDBJC 15 

timing (MCA Bus) 89 
channel 

pointer, initializing 47 

ready, signal CHRDY 14. 15, 16 
chip select signal CS* 16 
CHROY 14 
CHRDY* 16 
chroma key max/min 53 
chrominance mask enable 74 
clock 

RFO write, signal FOLK 19 
memory, signal MCLK 19 
pixel, signal GPCLK 17 
processor, signal PCLX 17 
video data, signal V1CLK 18 
CL-PX2070 

electrical specifications 84-93 
operating mode 26 



15 
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pin assignment table 1 1 

pin information 10-12 

signal descriptions, detailed 14-19 
CL-PX2080 79 
CMD' 16 

Color Space Converter, enable 48 

column address strobes, signals CAS(i :01 19 

command, signal CMO* 16 

composite 

/honzontai blanking 

signal VI H8 18 

signal V2HB 18 
/vertical sync, signal V2VS 18 
configuration setup 23 
Constant 65,66,67 
control sync references, source of 32 
control tag codes 64 
CS- 16 



D{15:01 16 
data buffer 

direction, signal DOIR 14, 15 

enable, signal DEN* 14, 15 
data bus 

signals 0(15:0] 16 

signals FB0(3 1:0) 19 
data transfer enable, signal DTE 19 
DDIR 14, 15 
debug 

control 24 

read 24 

read enable 24 

support registers, accessing 26 
debug enable, master 26 
DEN* 14, 15 

detailed signal descriptions 14-19 
diagnostic 

information, accessing 24 

mode, controliing 24 
display 

start 83 

window, posting operation control 26 

zoom factor 81 
DTE 19 
OWU 

master control 78 

register posting mode 26 

registers 72 

DWU.OSa: Display Stan 83 
DWU.DZF: Display Zoom Faaor 81 
DWU.HAC: Honzontal Active Count 80 



DWU_LSb: Linear Staa Address 82 
DWU^MCR: Master Control 78 
DWU^RFX; Reference Frame X Size 81 
DWU WSa: Window Size 82 



electrical specifications 84-93 
enable input 

signal V1IEN* 18 

signal V2IEN* 18 
end 51 

X column integer index 57, 68 
Y row integer index 58, 69 

error detection trap 24 

exit point 61 



FBA(9:0] 19 
FBD{31:Q] 19 
FCLK 19 
FDRY* 19 
field 

count 46,54 

interrupt request 46, 55 

po*arity select 48, 56, 67 

toggle 58 
Reld Lock 74 
RFO 

association 61,75 

flag 

empty 59 

full 59 

overflow 60 

underflow 60 
overflow 25, 60 
ready, signal FDRV 19 
underflow 25 

write dock, signal FCLK 19 
FL 74 
frame buffer 

configuration 73 
deptfi 73 
interface 

detailed signal descriptions 19 
pin assignments 13 
signals 19 
type 23 
Functional Signal Groups 1 1 
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GBL 17 
GHS 17 
GPCLK 17 
grapnics 

blank poianty 79 

field 

mode 79 
polarity 79 
hsync polarity 79 
overlay interface 

detailed signal descriptions 17 
pin assignments 13 
vsync poianty 79 
ground, signal VSS 19 
GVS 17 

H 

h^lware configuration data, stonng 23 



^register address map 22 
registers 22-29 

HIU^CSU: Configuration Setup 23 
HIU^DBG; Debug Control 24 
HIU.DRD: Debug Read 24 

access to 24 
HIUJRQ: Inten^pt Request 25 
HIU.MDT: Memory Data Port 28 
HIU.OCS: Operation Control/Siatus 26 
HIU.RDT: Register Data Port 28 
;!i HIU_R1N: Register Index 27 
^^f^;registers accessed by the Register Data Port 22 
hi^2ontal 
Sactive 

count 80 
delay 36 
pixels 36 
period 36 
sync 

signal GHS 17 
signal V1HS 18 
signal V2CLK 18 
signal V2HS 18 
width 35 
horizontal/composite blanking 
signal VI H8 18 
signal V2HB 18 
host system 
bus 23 
specifying 23 



I 



23 



27 



I/O address map, used by host system 
I/O read 

signal 10 R* 14, 16 

timing Jocal hardware interface 91 
I/O write 

signal lOW* 14, 16 

timing 

ISA bus 86 

local hardware interface 90 

Index 

address, automatic increment control 

value, specifying 27 
input 

data format 49, 67 

enable 

signal VI lEN* 18 
signal V2IEN* 18 

stream, specifying the format of 49 

tag multiplexer, controlling the input selection 48 

V1U Input/output mode 31 

voltages 84 
interface mode 56,67 

select 79 

specifying interfaced or non-interfaced 48 
internal sync generator, controls for 38 
interrupt 

enable, mask 27 
mode 29 
request 25 

field count 47, 55 
line count 46,55 
signal IRQ 14, 15, 16 
1016* 14 
ICR* 14, 16 
lOW 14, 16 
IPU1 49,51,52 
counter 25 
datapath control 32 
field sync select 44 
interrupt select 29 
master control 48 
registers 39 

IPU1_FIR: Field Count Interrupt Request 46 
IPU1.FLC:Fiekl Count 46 
IPUl.KFCf: Key Function Code 52 
IPUI.UC: Une Count 45 
IPU1_LRB: LUT RAM Base Address 47 
IPUI.LRD: LUT RAM Data 47 
IPUI.MCRf: Master Control 48 
IPUl.MMxf: Chroma Key Max/Min 53 
IPU1 PIX: Pixel Count 45 
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IPUl.XBnf.-X Begin 49 
IPU1_XEIf: X End 50 
1PU1_XSI2 50 
IPU1_XSnf:XShnnk 50 
IPU1 YBnf:Y Begin 51 
IPUI.YEIt: YEnd 51 
IPU1.YSnf:Y Shrink 52 

IPU2 

counter 25 
datapath control 32 
field sync select 44 
interrupt select 29 
registers 40 

IPU2_F1R: Reld Count Interrupt Request 55 
iPU2^FLC: Field Count 54 
I PU2_LIC: Line Count 54 
IPU2_L1R: Line Count Interrupt Request 55 
IPU2.PIX: Pixel Count 54 
IPU2_XBIf: X Begin 56 
X End 57 
Y Begin 57 
YEnd 58 



IPU2.XEIf: 
IPU2.YBIf: 
IPU2_YEIf: 
IRQ 14, 15, 16 
ISA bus 

detailed signal descriptions 
I/O wnte timing 86 
pin assignments 12 
processor interface signals 



14 



14 



K 

key function code 52 
key maximum/minimum 



53 



lead temperature 84 
leakage 84 
line count 45, 54 

current fieW 45» 54 

interrupt request 55 

to interrupt request 46 
line start mode 67 
linear start address 76,82 
local hardware interface 

detailed signal descriptions 16 

I/O read timing 91 

I/O wnte timing 90 

pin assignments 12 

processor interface signals 16 
logic operation 65 
Luminance Mask Enable 74 
LUT enable 48 



LUTRAM 

base address 47 
data 47 

M 

M/IO* 15 

manuai mode start 33 
master control 

ALU 62 

DWU 78 

IPU1 48 

IPU2 56 

MMU 73 

OBU 74 

OPU 67 

SlU 58 

V1U 30 

VPU 44 
maximum ratings, absolute 84 
MCA bus 

COSETUP* timing 89 

CDSFDBK* timing 89 

detailed signal descriptions 15 

pin assignments 12 

processor interface signals 15 

timing, write cycle 88 
MCLK 19 
memory 

dock, signal MCLK 19 

data 28 

or I/O cycle, signal M/IO' 15 
Minimum Window Separation 80 
MMU 

master control 73 

registers 70 

MMU.MCR: Master Control 73 
mode, stall 31 
multiplexers 

key function code 52 

logical operation 65 

logical, specifying the constant values for 65 
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objea buffer 

association 61 
termination 25,29 
OBU 

master cbntrol 74 
registers 70 

OBU.BSa: Buffer Size 77 
0Bu"dEC: Decimate Control 78 
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OBU^LSb: Linear Start Address 76 
OBU.MCR: Master Control 74 
OBU_RFX; Reference Frame X Size 75 
Occluded Window Control 79 
Offset to Next Instruction 61 
operands 

3-operand bit mask 62 
source select 63 

specifying constant values for 65, 66 
operating mode 26, 74 
operations, control/status 
OPU 

datapath control 33 
field sync select 44 
master control 67 
registers 43 

OPU.MCRf : Master Control 67 

OPU^XBIf: X Begin 68 

OPU_XE!f:X End 68 

OPU YBIf : Y Begin 69 
S OPU.YEIf: Y End 69 
QjTflering information 99 



data 48 

stream, specifying the format of 48 
y tag codes 64 
<^i^ voltages 84 
c^rflow condition, FIFO 25 

flag 60 



98 



11 
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(^kage dimensions 
^tX 17 

# Signal V1PH 18 

signal V2PH 18 
pin assignment table 
pin diagram 10 
pin information 10-12 
pixel dock, signal GPCLK 
pixel count 45, 54 

current line 45, 54 
Plastic Quad Rat Pack, i60-fead 10 
polarity, graphics 79 
port address select 23 
posting control, master 26 
posting mode control 26 
power and ground 

detailed signal descriptions 

signals 19 
power interface, pin assignments 13 
power supply voltage 84 
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PQFP 10 

prescaler enable 48, 56 
processor clock, signal PCLK 17 
processor interface 
ISA bus mode 

detailed signal descriptions 14 
pin assignments 12 
local hardware interface mode 
detailed signal descriptions 16 
pin assignments 12 
MCA bus mode 

detailed signal descriptions 15 
pin assignments 12 



RAS(1:01 19 

Reference Frame, X size 75, 81 
register 

access, during a read cycle 26 
address map. HIU 22 
data port 28 
I/O data 28 
index 27 
posting 26 

selea signals RS[2:1] 16 
registers 

HIU 22-29 . 

RFU 70-83 

VBU 30-38 

VPU 39-69 
reset 

signal RESET 14, 16. 17 

soft 27 
RFU registers 70-83 
row address strobes, signals RAS(1:0] 19 
RS(2:il 16 



SO* 15 

sr 15 

S8CLK 19 

SBHE* 16 

sequencer enat}le 58 

Sequencer Instruction Memory 61 

current index 24 
serial bus clock, signal SBCLX 19 
serial port output enable, signals S0EI1 :0]* 
signal descriptions, detailed 14-19 
frame buffer interface 19 
graphics overlay interface 17 
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processor interface 
ISA bus mode 14 
local hardware interface mode 16 
MCA bus mode 15 
Video 18 
single sweep mode 75 
SlU 

master control 58 
registers 41 

master control 58 

SIU_FARC:FIFO Auto Reset Control 62 
SlU.FCS; RFC Control/Status 59 
SIU.FOU:FIFOOverfiow/Underfiow 60 
SlU.MCR: Master Control 58 
SIU_S1M: Sequencer Instruction Memory 61 

SOE[1:01* 19 

soft reset 27 

specifications, electric 84-93 
stall 

mode 31 

request, signal STALLRQ* 18 
STALL- 18 
STALLRQ* 18 
Start Index 58 
status 

read select 26 
storage temperature 84 
strobes 

column address, signal CAS[1 :0] 19 

row address, signals RAS(1 :0) 19 
supply currents, digital and total 84 
sync, honzontal 

signal GHS 17 

signal V1HS 18 

signal V2CLK 18 

signal V2HS 18 
sync, vertical 

signal GVS 17 
sync, vertical/composite 

signal V1VS 18 

signal V2VS 18 



tag 65,66 

format 63 

operation 64 
timeout condition, watchdog timer 25 
timing 

CDSETUP* (MCA bus) 89 
COSFDBK' (MCA bus) 89 
I/Oread 91 
l/Ownte 86,90 
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information/Ac charactenstics 85-93 
wnte cycle (MCA bus) 88 



u 



U output Source Select 63 
underflow condition, FIFO 25 
flag 60 



V output Source Select 63 
V1CLK 18 

VI 0(1 5:01 18 
V1HB 18 
V1HS 18 
V1IEN* 18 
V1PH 18 

VI VS 18 
V2CLK 18 
.V20(1S:01 18 
V2HB 18 
V2HS 18 
V2IEN 18 
V2PH 18 
V2VS 18 

VBU registers 30-38 
*5 VDC. signal VOO 19 
VOO 19 
vertical active 

delay 37 

pixels 38 
vertical period 38 
vertical sync 

signal GVS 17 

timing 35 

width 37 
vertical/composite sync 

signal ViVs 18 

signal V2VS 18 
video 

interface signals 18 

port interfaces, charactenstics 30 

processor, device version 23 
video data bus 

signals VI 0(15.-0] 18 

signals V20(1 5.-0] 18 
video data clock, signal Vl CLK 1 8 
video input 31 

video output 3 1 ATI019133 

field polarity 31 
video port 1 

detailed signal descriptons 18 
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pm assignments 13 

VIU 

registers 

VIU^DPCf; Datapath Contol 32 
VtU_MCflp:Master Control 30 

voltages, low and high 84 

VPU 

global control 39, 44 
master control 44 
registers 39-69 

VPU_MCR: Master Control 44 
VSS 19 
VSU registers 

VSU.HAD: Honzontai Active Delay 36 
VSU.HAP: Horizontal Active Pixels 36 
VSU.HP: Honzontai Period 36 
VSU.HSW: Horizontal Sync Width 35 
VSU_VAD: Vertical Active Delay 37 
VSU.VAP: Vertical Active Pixels 38 
a VSU_VP: Vertical Period 38 
VSU^VSW: Vertical Sync Width 37 
J sync timing 35 



25 



v^chdog timer, signal IRQ 
V^' 19 
wfeiows 

I aligning between pixels 49 
p^controis 79 
Assize 



82 



fcycle timing (MCA Bus) 88 
'^decimation, mask bits 78 
19 



^enable, signal WE* 
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Y BLT direction control 75 

Y counter 24 

Y display start 83 
YEnd 51,58,69 

Y output source select 63 

Y row integer index 51 

Y scaling path, enabling and disabling 48 

Y shrink 52 

Y window size 83 

Y zoom factor 81 



Zq3:01 17 
zoom 

control bus, signals ZC(3:01 
enable 67 



17 



X 50 

X Begin 49,56 

X BLT, direction control 75 

X counter 24 

X display start 83 

XEnd 50,57 

X prescaler. enabling and disabling 48 

X shrink 50 

X window size 83 

Xzoom factor 81 



Y 52 

YBegm 51,57 
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INDEX OF CONTROL REGISTERS 



ALU.AV: Alpha Value 64 
ALU_CAx: Constant A 65 
ALU^CBx: Constant B 66 
ALU.CCx: Constant C 66 
ALU_LOPx: Logic Operation 65 
ALU^MCRf: ALU Master Control 62 
ALU.TOP: Tag Operation 64 



Chroma Key Max/MIn 53 
Configuration Setup 22, 23 
Constant A 65 
Constant B 66 
Constant C 66 



Datapath Control 32 
Debug 

Control 24 

Controi/Status 22 

Read 22,24 
Display Window 

Display Zoom Factor 81 

Horizontal Control 80 

Linear Start Address 82 

Master Control 78 

Reference Frame Size 81 

Size 82 

Start 83 

DWU_HCR: Display Window Horizontal Control Regis- 
ter 80 

DWU.MCR: Display Window Master Control 78 
DWUd.DSa: Display Window Start 83 
DWUd.DZF: Display Window Display Zoom Factor 81 
DWUdlLSb: Display Window Linear Start Address 82 
DWUd RFX: Display Window Reference Frame Size 
"81 

DWUd^WSa: Display Window Size 82 



Reid Count 46, 54 

Interrupt Request 46, 55 
RFO 

auto reset control 62 
Control Status 59 
Overflow/Underflow 60 



H 

HIU.O 22 
HIUJ 22 
HIU.2 22 
HIU_3 22 
HIU_4 22 

HIU_CSU: Configuration Setup 22, 23 
HIU.DBG: Debug Control 24 
HIU DBG: Debug Control/Status 22 
HIuIdRD: Debug Read 22, 24 
HIUJRQ: Interrupt Request 22, 25 
HIUJSU: Inten^t Select 22 
HIUJSU: Interrupt Setup 29 
HIU.MDT: Memory Data Port 22,28 
HIU.OCS: Operation Control/Status 22,26 
HIU.RDT: Register Data Port 22, 28 
HIU_RIN: Register Index 22, 27 
Horizontal 

Active Delay 36 

Active Period 36 

Period 36 

Sync Width 35 

I 

Interrupt 

Request 22, 25 
Select 22 
Setup 29 

IPU1 FIR: Field Count Interrupt Request 46 

IPuCfLC: Field Count 46 

IPUllKFCf: Key Function Code 52 

IPU1_LIC:Une Count 45 

IPU1.UR: Line Count Interrupt Request 46 

IPUrLRBiLLTT RAM Base Address 47 

IPuClRD: LUT RAM Data 47 

lPU1_MCRf: IPU1 Master Control 48 

IPUl_MMxf: Chroma Key Max/Min 53 

iPUI.PIX: Pixel Count 45 

IPUl"xBnf: X Begin 49 

IPUrxElf : X End 50 

IPU1_XSnf:X Shrink 50 

IPU1 YBnf:Y Begin 51 

IPUrYEIf:YEnd 51 

IPU1.YSnf:Y Shrink 52 

IPU2.FIR: Field Count Inten^pt Request 55 

IPUalFLC: FieW Count 54 

IPU2_LIC: Line Count 54 

IPUaluR: Line Count Intermpt Request 55 

IPU2 MCRf : IPU2 Master Control 56 
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IPU2_PIX: Pixel Count 54 
lPU2_XBlf: X Begin 56 
lPU2_XEM:XEnd 57 
IPU2_YBIf: Y Begin 57 
IPU2_YEIf: Y End 58 

K 

Key Function Code 52 
L 

Line Count 45, 54 

Interrupt Request 46, 55 
Logic Operation 65 
LUTRAM 

Base Address 47 

Data 47 

M#ory Data Port 22,28 
Ml|iJ_MCR; MMU Master Control 73 

oj 

Opct Buffer 

=p)eam ate Control 78 

^near Start Address 76 

^Master Control 74 

Reference Frame Size 75 

^ize 77 
Off^.BS a: Object Buffer Size 77 
0|^o_OEC: Object Buffer Decimate Control 78 
oi||o_LSb: Object Buffer Linear Start Address 76 
Oi|o_MCR: Object Buffer Master Control 74 
oiOo_RFX: Objea Buffer Reference Frame Size 75 
Operation Control/Status 22,26 
OPU_MCRf:OPU Master Control 67 
OPU.XBH : X Begin 68 
OPU_XElf: X Begin 68 
OPU.YBIf: Y Begin 69 
OPU.YEIf : Y End 69 



Sequencer Instruction Memory 61 
S1U_FARC: RFC Auto Reset Control 62 
SIU_FCS: FIFO Control Status 59 
SlU.FOU: FIFO OverflowAJnderflow 60 
SlU.MCR: SlU Master Control 58 
SlUs.SIM: Sequencer Instruction Memory 



Tag Operation 64 
test register 34 



Vertical 

Active Delay 37 

Active Period 38 

Period 38 ^ 

Sync Width 37 
VIU DPa. Datapath Contot 32 
VIU_MCRp: VIU Master Control 30 
VIU_TEST: test register 34 
VIU.WOT: Watchdog Timer 33 
VPU.MCR: VPU Master Control 44 
VSU_HAD:Horizontai Active Delay 36 
VSU.HAP: Horizontal Active Period 36 
VSU.HP: Horizontal Period 36 
VSU_HSW: Horizontal Sync Width 35 
VSU_VAO: Vertical Active Delay 37 
VSU_VAP: Vertical Active Period 38 
VSU_VP: Vertical Period 38 
VSU_VSW: Vertical Sync Width 37 



61 



W 

Watchdog Timer 33 



X Begin 49.56.68 
X End 50, 57 
X Shrink 50 



Pixel Count 45, 54 



Register 

Data Port 22, 28 
Index 22, 27 



Y Begin 51.57,69 
YEnd 51,58,69 

Y Shrink 52 
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INDEX OF REGISTER FIELDS 



AIC: Automatic Increment Control 27 
ALUE: ALU Enable 44 
AOP: Arithmetic Operation Select 63 
AV: Alpha Value 64 

B 

BF: Begin X Column Fractional Index 49 
BF: Begin Y Row Fractional Index 51 
Bl: Begin X Column Integer Index 49, 56, 68 
Bl: Begrn Y Row Integer Index 51, 57, 69 
BSX; Buffer X Size 77 
BSY: Buffer Y Size 77 



CME: Chrominance Mask Enable 74 
CON: Constant 65, 66, 67 
CSCE: Color Space Converter Enable 
CTC: Control Tag Code 64 



48 



Datapath Control 32,33 
DIO: Register Data I/O 28 
DM7:DM0 78 

DMAW: DMA Wait State 26 
DMD: DMA Direction 26 

DPC: Display Window Posting Operation Control 26 
DRE: Debug Read Enable 24 
DSX: Display X Stan 83 
DSY: Display Y Start 83 



EOT: Error Detection Trap 24 
El: End X Column Integer Index 50, 57, 68 
El: End Y Row Integer Index 51, 58, 69 
EP: Exit Point 61 



FA: FIFO Association 61,75 

FBC: Frame Buffer Address Configuration 73 

FBD: Frame Buffer Data Bus Width 73 

FBT; Frame Buffer Jumper State 23 

FC: Held Count 46, 54 

FCE: Field Count Enable 47, 55 

FDH: FIFO D Half Full 26 

FFH: FIFO F Half Full 26 



FGE - FAE: FIFO Empty Flags 59 

FGF - FAF: FIFO Full Flags 59 

FGO - FAO: HFO Overflow Rags 60 

FGU - FAU: RFO Underflow Rags 60 

Reid Sync Select 44 

FL Reld Lock 74 

FOV: FIFO Overflow 25 

FPS: Reld Polarity Select 48,56,67 

FT: Reld Toggle 58 

FUN: FIFO Underflow 25 



GBM: Three-Operand Bit Mask Selecting Tag Source 
62 

GBP: Graphics Blank Polarity 79 
GCS: Graphics Clock Select 79 
GFM:lnteriace Mode Select 79 
GFP: Graphics Field Polarity 79 
GHSP: Graphics Hsync Polarity 79 
Graphics Rekj Mode 79 
GVSP: Graphics Vsync Polarity 79 

H 

HAC; Horizontal Active Count 80 
HAD: Horizontal Active Delay 36 
HAP: Horizontal Active Pixels 36 
HP: Horizontal Period 37 
HSB: Host System Bus 23 
HSW: Horizontal Sync Width 35 

I 

II BL 34 
11 FID 34 
I1VS 34 
i2BL 34 
I2FID 34 
I2VS 34 

IBP: Input Vkjeo Blank Polarity 31 
IBT: Input Video Blank Type 31 
lEM: Interrupt Enable Mask 27 
IF: Input Data Format 49, 67 
IFP: Input Video Rekj Polarity 31 
IHSP: Input Video Horizontal Sync Polarity 31 
IM: Interlace Mode 48,56,67 
IMS: Graphics Rekl Mode 79 
Interlace Mode Select 79 
INTR 34 

lOM: Input/Output Mode 31 
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1P1C:1PU1 Counter 25 

1P1FSS; IPU1 Field Sync Select 44 

IP1S: IPU1 Select 29 

IP2C:IPU2 Counter 25 

IP2FSS: IPU2 Reld Sync Select 44 

IP2S: IPU2 Interrupt Select 29 

IPU1DC:IPU1 Datapath Control 32 

IPU2DC: IPU2 Datapath Control 32 

IRFC: Interrupt Request Reld Count 47, 55 

IRLC: Interrupt Request Line Count 46, 55 

ISS: Input Sync Source 31 

IVSP: Input Video Vsync Polanty 31 

K 

KEYFC: Key Function Code 52 
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CRD 34 

OFP: Output Video Field Polanty 31 
OHS 34 

OHSP: Output Video Horizontal Sync Polarity 31 

OPAS: Operand A Source Select 63 

OPBS: Operand B Source Select 63 

OPCS: Operand C Source Select 63 

OPFSS: OPU RekJ Sync Select 44 

0PM: Operation Mode 74 

ORS: Operation Restart Select 24 

OSS; Output Video Sync Source 31 

OTC: Output Tag Code 64 

OTN: Offset to Next Instruction 61 

OVS 34 

OVSP: Output Video Vertical Sync Polanty 31 



LC: Line Count 45 

LS^Line Count Current Reld 54 

LgLUT Enable 48 

uijk: Luminance Mask Enable 74 

Lp: LUT RAM Base Address 47 

LP^: LUT RAM Data 47 

LfM: Unear Start Address High 76, 82 

lH: Unear Start Address Low 76, 82 

LSil: Line Stan Mode 67 



26 



M££: Master Debug Enable 
Mff 34 
MWD 34 

mP"S: Master Field Toggle Select 33 

mIS: Memory Data 1/0 28 

MjtlDP: Multiplexor Logical Operation 65 

MMS: Manual Mode Start 33 

MPC: Master Posting Control 26 

MWS: Minimum Window Separation 80 



OBA; Object Buffer Association 61 
OBIN 34 

OBIS: Object Buffer Termination Interrupt Request 29 
OBL 34 

OBP: Output Video Blank Polarity 31 
OBT: Object Buffer Termination 25 
OBT: Output Video Blank Type 31 
OCC: Occluded Window Control 79 
ODC: OPU Datapath Control 33 
OOT: Output Data Tag 48 
OF: Output Data Format 48 



PAS: Port Address Select 23 
PC: Pixel Count 45 
PC: Pixel Count Current Line 54 
PMC: Posting Mode Control 26 
PSE: Prescaler Enable 48,56 



RFX: Reference Frame X Size 75 
RFX: Reference Frame X size 81 
RIN: Register Index 27 



SE: Sequencer Enable 58 
SF: X Shrink Fraaion 50 
SF: Y Shrink Fraction 52 
SG& Sync Generator Enable 38 
SI: X Shrink Integer 50 
SI: Y Shrink Integer 52 
SI1: Start Index 1 58 
SI2: Start Index 2 58 

SlMiN: Sequence Instruction Memory Current Index 24 

SR: Soft Reset 27 

SRC: Status Read Select 26 

SSE: Single Sweep Enable 38 

SSM: Single Sweep Mode 75 

STM: Stall Mode 31 



TAG: Constant Tag Bit 65, 66 
TF: Tag Format 63 
TMOUT: Timeout 33 
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UGMAX: Key U/G Maximum 53 
UGMIN: Key U/G Minimum 53 
UOUT: U Output Source Select 63 



VAD: Vertical Active Delay 37 
VAP: Vertical Active Pixels 38 
VBMAX; Key V/B Maximum 53 
VBMIN: Key V/B Minimum 53 
VER: Video Processor Device Version 23 
VOUT: V Output Source Select 63 
VP: Vertical Active Count 38 
VSUDC: VSU Datapath Control 32 
VSW: Vertical Sync Width 37 



.WC3 - WCO: Window Controls 79 

WDT: Watchdog Timer 25 

Write Decimation Mask Bits 7:0 78 

WSX: Window X Size 83 

WSY: Window Y Size 83 

WTE: Watchdog Timer Enatole 33 



XBDC: X BLT Direction Control 75 
XC: X Counter 24 

XZOOM: X Zoom Factor — pixel replication value 8 1 



YBDC: Y BLT Direction Control 75 
YC: Y Counter 24 
YOUT: Y Output Source Select 63 
YRMAX: Key Y/R Maximum 53 
YRMIN: Key Y/R Minimum 53 
YSP: Y Scaling Path 48 

YZOOM: Y Zoom Factor — line replication value 8 1 
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ZE: Zoom Enable 67 
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APPLICATIONS 
m Presentation 

■ Video Editing 

■ Video Authoring 

■ Video Teieconferencing 

■ Interactive Education 

■ Games 

FEATURES 

m Direct ISA/MCA bus interface 

■ Interlaced or non-interlaced output 

■ Pixel clock ntBS up to 85 MHz 

■ Video inputs 

' 8:8:8 RGB at 40 MHz 

— (1)5:5:5(T)RQBat85MHz 

— 5:6:5 RGB at 85 MHz 

— 4:2:2 YUV at 85 MHz 

— Tagged 4:2:2 YUV at 85 MHz 

■ Graphics input 

4-bit pseudo-color at 85 MHz 
8-btt pseudo-coior at 85 MHz 
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OVERVIEW 

The CL-PX2080 MedicDAC is a muttiple*source. 
digital-to*analog video converter. It manages and 
mixes two different video data streams while con- 
verting the input data into the format of the display 
subsystem, and changes color space and resolu- 
tion from the input to the output tomiat tn real- 
time. 

ARCHITECTURAL OVERVIEW 

This section describes the architecture and func- 
tionality of the CL-PX2080 MediaDAC. 

The CL-PX2080 has a video port tor YCbCr or 
RGB data and two graphics ports for both B-bit 
VGA and 32-bit high-resolutton ports. Its tiiSQlay 
functions include pseudo-color, display of true 
color RGB data. X-zooming of vtdeo pon dat 
hardware cursor controls and a combination or 
three graphics overlay controls. 

^conr next page) 



System Block Diagram 
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FEATURES (com) 

— 5:6:5 RGB at 85 MHz 

— 5:5:5 RGB at 85 MHz 

— 8:8:8 RGB at 40 MHz 

■ Zoom controls 

■ Hardware cursor controls 

■ Three overlay combination controls 

— Tagged chroma color key 

— Graphics overlay color key 

— X/Y window 



CL-PX2080 
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this trend with its local Hardware Interface Mode, 
illustrated below. 
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ARCHITECTURAL OVERVIEW (cont) 
Host System interface 

The CL-PX2080 connects directly to ISA and MCA 
buses, internally decoding a 1 6*bit address and re* 
soonoing as an 8-bit penpheral. Its internal ISA/ 
MCA bus interface eliminates most of the costly 
glue circuitry common to many personal computer 
system expansion boards. 
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1^ resDonse to customer demands for increased 
oertormance. the display subsystem in many new 
systems has migrated onto the host processor 
ous Tne CL-PX2080 is designed to accommodate 



Video Input Interface 

The video input interface accepts digitized video m 
a wide range of formats. The video data stream is 
converted to fts final output format, then is overlaid 
with processed graphics data and cursor data. 

Features: 

• 36-bit input data path (32-bit data. 4-bit zoom 
code) 

• Internal 256 x 36-brt input FIFO that supports: 

— 24-brt RGB data (up to 40 mega-pixels per 
second) 

— 1 5-bit RGB or YCbCr data (up to 85 mega- 
pixels per second) 

• Chrominance interpolation 

• Color-space conversion 

• Zoom control 

Graphics Frame Buffer Interface 

The CL-PX2080 accepts data from the graphics 
display source through either of two paths: 

• an 8-bit VGA data path, or 

• a 32*bit VRAM serial data path. 
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Both paths allow CL-PX20B0-based. next*genera- 
tion PC graphics subsystems to maintain compat* 
ibility with the large installed base of VGA systems 
and VGA-specHic software, while also achieving 
higher performance and resolution via the VRAM 
sena) data path. 

Features: 

• VRAM interface 
— 32-bit data bus 
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— Efficient pixel mapping withirr graphics- 
data-word 

— Designed to accept data from VRAM senal 
pons, can be used with a variety of archi- 
tectures 

VGA Interface 

True-color (CLUT bypass) option 



Graphics Frame Buffer Intarface 



Cotor UUT Byoass 
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Graphics Overlay Control 

The graphics overlay controls allow a video image 
and a graphics image to be combined using a va- 
nety of operations (see figure at right). 

Every graphics pixel is either transparent or 
opaque. The color information for an opaque pixel 
IS displayed on the screen. The color information 
for a transparent pixel is not displayed: instead, the 
color information of the video pixel behind it is dis- 
played on the screen. The graphics overlay con- 
trols determine which graphics pixels are transpar- 
ent. The CL-PX2080 has 256 possible overlay 
combinations based on the video-pixei tag bit. the 
graphics-pixel overlay cotor. and the X/Y window 
of the video data. 
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Cursor 

The CL-PX20B0 implements an on-chip, three-col- 
or, user-definable hardware cursor in a 32 x 32 x 
2-bit memory. This cursor works in both interlaced 
and non-interlaced systems. 



Cursor Coritrol 
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Output DACs 

The CL-PX2080 has three video-speed. 8-brt digi- 
tal-to-analog converters, internal comparators to 
provide the sense function, and sync alignment 
logic. These form a complete RGB monitor inter- 
face. 

Source Mix tnd Monitor Interface 
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Power-Down Mode 

Dunng the CL-PX2080 power-down condition, the 
DACs power-down and the RAM enters a low- 
power, data-retaining Standby Mode. The proces- 
sor can read from or wnte to the RAM as long as 
the pixel Clock is running. The RAM automatically 
powers-up dunng processor read/write cycles, and 
shuts down when processor access is completed. 
The three DAC-command registers are also ac- 
cessible. 
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FEATURES 

m CL-PX0070 suporsat 

■ direct ISA/MCA bus interfsM 

■ Interlaced or non-interlaced output 

■ up to 85 MHz pixel clock rates 

■ video inputs 

— S 8:8 PGB at 40 MHz 

— (1)5:5.5 (T)RG8 at 85 MHz 

— 5 6:5 RGB 

— 4:2:2 YUV at 85 MHz 

— taggeo 4.2:2 YUV at 85 MHz 

■ zoom controls 

■ hardware cursor controls 
I graphics Input 

— 4 -bit pseudocolor at 85 MHz 

— 8 -bit psaudocolof at 85 MHz 

— 5:6:5 RGB at 80 MHz 

— (1)5:5:5 (DRGB at 85 MHz 

— 8:8:8:8 oRGB at 40 MHz 



MediaDAD 



■ 3 overlay combination controb 

— taggad chroma color kay 

— graphics overlay color kay 

— wmdow 

APPLICATIONS 

■ Presentation 

■ Video Edttlng 

■ MuMMedIa Authoring 

■ Video TeJeconferendng 

■ Anlmatfon 

■ Video capture and scaling for VSPs 
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OVERVIEW 

The CL-PX2080 McdiaDAC~ is a mulliplc sourcc 
video digitaJ to analog convener. It manages and mixes 
two different video daia sireams while converting the 
input data into the format of the display subsystem, and 
changes color space and resoludon from the input to the 
output formal in real ome. 

The CL-PX2080 has a video port for YCbCr or RGB 
daia arxl a graphics port with both 8-bil VGA and 32-bit 
hjgh resolution pons. Its display functions include: 

pseudocolor, 

• display of true-color RGB data* 
X zooming. 

hardware cursor controls, and 

* a combination of three graphics overlay controls. 



Host System Interfi 

The CL-PX20gO connects directly to ISA and MCA 
Ixjses, internally decoding a 1 6-bit address and respond- 
ing as an 8-bit penpheral. Its internal ISA/MCA bus in- 
lerfacc eliminates most of the cosUyJ'glue" circuitry 
conunon to many personal compuicr'system expansion 
boanls. 

In response to customer demands for increased perfor- 
mance, the display subsystem in many new systems has 
migrated onto the hosi-pixxxssor bus. The CL-PX208O 
is designed to accommodate this trend; in host bus 
mode, the hca processor directly accesses CL-PX2080 
registers with le-bit I/O addresses. 
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Vtdoo Input Intartfl 

The video input interface accepts digitized video in a 
wide range of formau. The video daia sueam is convert- 
ed to Its final output format then mixed and/or overlaid 
with processed graphics dau and cursor data. 

Fcawrts: 

« 36-bjt input dau path: 

• internal 256x36 bit input FIFO that supports: 

— 24 -bit RG B dau (up to 40 mega-ptxeb/s) 

— 1 6-bit RGB or YCbCr data (up to 80 mega-pixels/s) 

• chrominaiKC format alignment; 

• color-space imerpoiation; 

• zoom control. 

Graphics FranM Bufftr Intorfaca 

The CL-PX208O accepts data from the graphics display 
source through either of two paths: 

• an 8*bit VGA da:a path* or 

• a 32-bit VRAM serial dau path. 

Both paths allow CL-PX208O-based. next-generation 
PC graphics subsystems tt> maintain compatibility with 
the large installed base of VGA systems and VGA-spe- 
cific software, while also achieving higher performance 
and resolution via the VRAM serial dau path. 

Features: 

• VRAM Interface 
* 32-bit dau bus 

— efficient pixel mapping within graphtcs-dau word 

• VGA Imcrfaoe 

• tme color (GLUT bypass) option 



Cursor 

The CL-PX2080 implements an on-chip. three<olor, 
user-definable hardware cursor in a 32x32x2 bit memo* 
ry. This cursor worts in both interlaced and non-tmer- 
laced systems. 

Graphics Ovsrlsy Control 

The graphics overiay controls allow a video image and 
a graphics image to be combined using a variety of op- 
erations (see above figure). 

Every graphics pixel is either tiansparem or opaque. 
The color information for an opaque pixel is displayed 
on the sciceiL The color information for a transparent 
pixel is not displayed: instead, the color information of 
the video pixel behind it is displayed on (he screea The 
graphics overlay oontiols determine which graphics 
pixels are transpaitnL 

Output DACs 
TBD 

Pow«r Down Mods 

During the GL-PX2080*$ power-down conditioa the 
DACs power down md the RAM enters a low-power, 
dara-reuining standby mode. The prtxxssor can rexl 
from or write to the RAM as long as the pixel clock is 
running. The RAM automatically powen op during 
processor readAvrite cycles, and shuts down when pro- 
cessor access is completed. The three DAC<ommand 
registers are also accessible. 
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